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International Agency for Research on Cancer

The International Agency for Research on Cancer (IARC) was established in 1965 by the World 
Health Assembly, as an independently funded organization within the framework of the World Health 
Organization. The headquarters of the Agency are in Lyon, France.

The Agency has as its mission to reduce the cancer burden worldwide through promoting international 
collaboration in research. The Agency addresses this mission through conducting cancer research for 
cancer prevention in three main areas: describing the occurrence of cancer; identifying the causes of 
cancer, and evaluating preventive interventions and their implementation. Each of these areas is a vital 
contribution to the spectrum of cancer prevention.

The publications of the Agency contribute to the dissemination of authoritative information on 
different aspects of cancer research. Information about IARC publications, and how to order them, is 
available at http://publications.iarc.fr/.



IARC Handbooks of Cancer Prevention

In 1969, the International Agency for Research on Cancer (IARC) initiated a programme on the 
evaluation of the carcinogenic risk of chemicals to humans involving the production of critically evaluated 
monographs on individual chemicals.

The IARC Handbooks of Cancer Prevention complement the IARC Monographs’ evaluations of 
carcinogenic hazards. The objective of the programme is to produce and publish a series of critical reviews 
of data on the cancer-preventive effects of primary or secondary interventions, to evaluate these data in 
terms of cancer prevention with the help of international working groups of experts in prevention and 
related fields, and to indicate where additional research efforts are needed. The lists of evaluations are 
regularly updated and are available at http://handbooks.iarc.fr/.

This IARC Handbook of Cancer Prevention is partly funded by the French Institut National du Cancer 
(INCa) by Convention N° 2013-219 (HAP Dépistage 2013 - K sein).

Cover image: An oblique view mammogram of the left breast of an asymptomatic 57-year-old woman. 
The arrow points to a small invasive cancer detected at screening. This cancer could not be detected with 
palpation even after it had been detected with mammography. Photograph courtesy of Peter Dean.
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NOTE TO THE READER

The IARC Handbooks of Cancer Prevention series was launched in 1995 to complement the IARC 
Monographs’ evaluations of carcinogenic hazards. The IARC Handbooks of Cancer Prevention evalu-
ate the published scientific evidence of cancer-preventive interventions. 

Inclusion of an intervention in the Handbooks does not imply that it is cancer-preventive, only 
that the published data have been examined. Equally, the fact that an intervention has not yet been 
evaluated in a Handbook does not mean that it may not prevent cancer. Similarly, identification of 
organ sites with sufficient evidence or limited evidence of cancer-preventive activity in humans should 
not be viewed as precluding the possibility that an intervention may prevent cancer at other sites.

The evaluations of cancer prevention strategies are made by international Working Groups of 
independent scientists and are qualitative in nature. No recommendation is given for regulation or 
legislation.

Anyone who is aware of published data that may alter the evaluation of cancer-preventive inter-
ventions is encouraged to make this information available to the Section of IARC Monographs, 
International Agency for Research on Cancer, 150 cours Albert Thomas, 69372 Lyon Cedex 08, 
France, or by email to imo@iarc.fr, in order that these data may be considered for re-evaluation by a 
future Working Group.

Although every effort is made to prepare the Handbooks as accurately as possible, mistakes may 
occur. Readers are requested to communicate any errors to the Section of IARC Monographs at 
imo@iarc.fr.
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A. GENERAL PRINCIPLES AND 
PROCEDURES

1. Background

The global burden of cancer is high and 
continues to increase: the annual number of new 
cases was estimated at 14.1 million in 2012 and is 
expected to reach 22.2 million by 2030 (Ferlay et 
al., 2014). With current trends in demographics 
and exposure, the cancer burden has been 
shifting from high-resource countries to low- 
and medium-resource countries.

Prevention of cancer is one of the key objec-
tives of the International Agency for Research 
on Cancer (IARC). Cancer prevention can be 
achieved by primary prevention – aimed at 
preventing the occurrence of cancer – or by 
secondary prevention – aimed at diagnosing 
cancer sufficiently early to reduce related 
mortality and suffering.

Screening and early clinical diagnosis are 
the principal instruments of secondary preven-
tion of cancer and a fundamental component of 
any cancer control programme. Screening may 
enable detection of cancer sufficiently early that 
cure and resulting reduction in mortality and 

having the disease are realistic possibilities given 
suitable treatment. Screening for some cancers, 
such as cervical cancer, may also detect precan-
cerous lesions, effective treatment of which can 
prevent occurrence of cancer.

When screening is planned as part of a cancer 
control programme, only strategies proved to 
be effective should be proposed to the general 
population. Screening usually requires repeated 
interactions between “healthy” individuals and 
health-care providers, which can be inconvenient 
and costly. Furthermore, screening requires an 
ongoing commitment between the public and 
health-care providers.

2. Scope

Cochrane (1972) first discussed the concepts 
of efficacy and effectiveness in the context of 
health interventions. “Efficacy” was recently 
defined by Porta (2008) as “the extent to which 
a specific intervention, procedure, regimen or 
service produces a beneficial result under ideal 
conditions; the benefit or utility to the indi-
vidual or the population of the service, treatment 
regimen, or intervention. Ideally, the determina-
tion of efficacy is based on the results of a random-
ized controlled trial.” In contrast, the related term 

WORKING PROCEDURES
The Working Procedures of the IARC Handbooks of Cancer Prevention describe the objective 
and scope of the programme, the scientific principles and procedures used in developing 
a Handbook, the types of evidence considered, and the scientific criteria that guide the 
evaluations.



IARC HANDBOOKS OF CANCER PREVENTION – 15

8

“effectiveness” is defined by the same author as “a 
measure of the extent to which a specific inter-
vention, procedure, regimen or service, when 
deployed in the field in routine circumstances, 
does what it is intended to do for a specific popu-
lation; a measure of the extent to which a health 
care intervention fulfils its objectives in practice.” 
The distinction between efficacy as measured in 
experimental studies and the effectiveness of a 
mass population intervention is a crucial one 
for public health decision-making. In particular, 
the fact that the effectiveness of a screening 
procedure may be different in different popula-
tions is often overlooked. A mass programme of 
screening must satisfy certain minimal require-
ments (e.g. acceptability, availability of relevant 
personnel, facilities for screening, and access to 
pertinent health services) if it is to achieve the 
results that have been documented in epidemio-
logical studies.

The acceptance and use of screening services 
may vary from one population to another, 
implying that a given screening procedure is 
not universally effective. Even when a screening 
procedure is effective as a mass intervention, 
other outcomes, such as harm and costs and 
the potential for other interventions to achieve 
equivalent benefits, must be considered. Efficacy 
is a necessary but not sufficient basis for recom-
mending screening. The efficacy of a screening 
procedure can be inferred if effectiveness can be 
proven. Screening has sometimes been imple-
mented by a given procedure on the assumption 
that “earlier is better,” even when no evidence 
of efficacy was available. If such interventions 
result in a significant reduction in mortality that 
cannot otherwise be explained, it can be inferred 
that the procedure is effective. However, uncon-
trolled interventions in which individuals are 
exposed to unknown risks and benefits should 
be avoided.

3. Objectives

The objectives of the Working Group are:

1. To evaluate the strength of the evidence for the 
preventive efficacy of a screening procedure;

2. To assess the effectiveness of defined screening 
interventions in defined populations;

3. To assess the balance of benefit and harm in 
target populations.

The conclusions of the Working Group are 
published as a volume in the IARC Handbooks of 
Cancer Prevention series.

4. Meeting participants

Five categories of participant can be present 
at a Handbook meeting:

1. The Working Group is responsible for the 
critical reviews and evaluations. The tasks 
of Working Group Members are described 
in detail below. Working Group Members 
are selected on the basis of: (i) knowledge 
and experience; and (ii) absence of real or 
apparent conflicts of interests. They have 
often published significant research related 
to the intervention being reviewed, and 
IARC uses literature searches to identify such 
experts. Experts in the general subject matter 
or methodology who have not published 
on the subject of the evaluation may also 
be included. Consideration is also given to 
demographic diversity and balance of scien-
tific findings and views.

2. Invited Specialists are experts who also have 
important knowledge and experience, but 
have a real or apparent conflict of interests. 
These experts are invited when necessary to 
assist the Working Group by contributing 
technical knowledge and experience during 
subgroup and plenary discussions. They may 
also review text prepared by the Working 
Group and contribute text on issues that 
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do not influence the final evaluation, for 
example, description of the agent evaluated 
(for chemicals) or techniques (for screening) 
(see Part B, Section 2). Invited Specialists do 
not serve as meeting chair or subgroup chair, 
and do not participate in the evaluations.

3. Representatives of national and international 
health agencies often attend meetings because 
their agencies are sponsors of the programme 
or are interested in the subject of a meeting. 
Representatives do not serve as meeting chair 
or subgroup chair, do not draft any part of 
a Handbook, and do not participate in the 
evaluations.

4. Observers with relevant scientific creden-
tials may be admitted to a meeting in 
limited numbers. Attention will be given 
to achieving a balance of Observers from 
constituencies with differing perspectives. 
They are invited to observe the meeting and 
should not attempt to influence it. At the 
meeting, the meeting chair and subgroup 
chairs may grant Observers an opportunity 
to speak, generally after they have observed 
a discussion. Observers agree to respect the 
Guidelines for Observers at Meetings of 
the IARC Handbooks of Cancer Prevention 
(available at http://handbooks.iarc.fr).

5. The IARC Secretariat consists of IARC scien-
tists who have relevant expertise. They serve 
as rapporteurs and participate in all discus-
sions. When requested by the meeting chair 
or subgroup chair, they may also draft text 
or prepare tables and analyses. They do not 
participate in evaluations.

Before an invitation is extended, each poten-
tial participant, including the IARC Secretariat, 
completes the “Declaration of Interests for 
IARC/WHO Experts” form to report financial 
interests, employment and consulting, and indi-
vidual and institutional research support related 
to the subject of the meeting. IARC assesses these 
interests to determine whether there is a real or 

apparent conflict that warrants some limitation 
on participation. The declarations are updated 
and reviewed again at the opening of the meeting. 
Interests related to the subject of the meeting are 
disclosed to the meeting participants and in the 
published volume.

The names and principal affiliations of 
participants are available on the website of the 
IARC Handbooks of Cancer Prevention (http://
handbooks.iarc.fr) approximately two months 
before each meeting. It is not acceptable for 
Observers or third parties to contact other partic-
ipants before a meeting or to lobby them at any 
time. Meeting participants are asked to report all 
such contacts to IARC.

All participants are listed, with their prin-
cipal affiliations, at the beginning of each 
volume. Each participant who is a Working 
Group Member serves as an individual scientist 
and not as a representative of any organization, 
government, or industry.

5. Working procedures

A separate Working Group is responsible 
for developing each volume of the Handbooks. 
Approximately one year before the Working 
Group meeting, the agents to be reviewed are 
announced on the Handbooks website (http://
handbooks.iarc.fr) and participants are selected 
by IARC staff in consultation with other experts. 
Subsequently, IARC performs literature searches 
of recognized sources of information on cancer 
prevention. Meeting participants are expected 
to supplement the IARC literature searches with 
their own searches.

The relevant articles are made available to 
meeting participants, who prepare preliminary 
drafts of the sections assigned to them. The 
preliminary drafts are sent to Working Group 
Members and Invited Specialists for peer review, 
and the peer-review comments are sent to the 
original author, who revises the draft before the 
meeting.

http://handbooks.iarc.fr
http://handbooks.iarc.fr
http://handbooks.iarc.fr
http://handbooks.iarc.fr
http://handbooks.iarc.fr
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The Working Group meets at IARC for eight 
days to discuss and review the text and to formu-
late the evaluations. The objectives of the meeting 
are peer review, evaluation, and consensus. 
During the first few days, the participants meet in 
subgroups to review the drafts of their subgroup, 
develop a joint draft, and write summaries. Care 
is taken to ensure that each study summary is 
written or reviewed by someone not associated 
with the study being considered. During the last 
few days, the Working Group meets in plenary 
session to review the subgroup drafts and develop 
the evaluations. As a result, the entire volume is 
the joint product of the Working Group, and 
there are no individually authored sections.

IARC Working Groups strive to achieve a 
consensus evaluation. Consensus reflects broad 
agreement among Working Group Members, but 
not necessarily unanimity. The chair may elect 
to poll Working Group Members to determine 
the diversity of scientific opinion on issues where 
consensus is not readily apparent.

Thus, the tasks of the Working Group are as 
follows:

1. Ascertain that all appropriate data have been 
retrieved;

2. Select the data relevant for evaluation on the 
basis of scientific merit;

3. Prepare summaries of the data that will allow 
the reader to follow the reasoning of the 
Working Group;

4. Evaluate separately the efficacy and the effec-
tiveness of the screening procedure;

5. Summarize the potential adverse conse-
quences of screening;

6. Prepare an overall evaluation of the screening 
procedure at the population level, combining 
all lines of evidence.

A summary of the outcome is published 
on the Handbooks programme website and as 
a short report in the New England Journal of 
Medicine shortly after the meeting. Subsequently, 

the accuracy of the final draft (“master”) is veri-
fied by consulting the original literature, and 
the volume is edited and prepared for publica-
tion. The aim is to publish the volume within 12 
months after the Working Group meeting.

6. Inclusion criteria for data for the 
Handbooks

The Handbooks do not necessarily summarize 
or even cite the entire literature on the interven-
tion being evaluated. Only those data considered 
by the Working Group to be relevant to making 
the evaluation are included. Data judged to be 
inadequate or irrelevant to the evaluation may, 
at the discretion of the Working Group, be cited 
but not summarized. If a group of similar studies 
is not reviewed, the reasons are indicated (see 
Part B for details). Meeting abstracts and other 
reports that do not provide sufficient detail upon 
which to base an assessment of their quality are 
generally not considered. With regard to reports 
of basic scientific research, epidemiological 
studies, clinical trials, and meta-analyses, only 
those that have been published or accepted for 
publication in the openly available scientific 
literature are reviewed by the Working Group. 
The same publication requirement applies to 
meta-analyses or pooled analyses commissioned 
by IARC in advance of a meeting (see Part B). 
Government agency reports that have undergone 
peer review and that are publicly available are 
considered. Exceptionally, doctoral theses and 
other materials that are in their final form and 
publicly available may be reviewed if their inclu-
sion is considered pertinent to making a final 
evaluation.
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B. SCIENTIFIC REVIEW AND 
EVALUATION

The available studies are summarized by the 
Working Group, with particular regard to the 
qualitative aspects discussed below.

Inclusion of a study does not imply accept-
ance of the adequacy of the study design or of 
the analysis and interpretation of the results. 
Major limitations, important aspects of a study 
that directly impinge on its interpretation, or 
reasons for not giving further consideration to 
an individual study are brought to the attention 
of the reader by the addition of square bracket 
comments.

Studies that are judged to be inadequate or 
irrelevant to the evaluation are generally omitted. 
They may be mentioned briefly: (i) when the 
information is considered to be a useful supple-
ment to that in other reports; (ii) if they provide 
the only data available; or (iii) in exceptional 
cases, if they have been perceived as being perti-
nent by the scientific community but are deemed 
otherwise by the Working Group.

The Working Group may conduct additional 
analyses of the published data and use these in 
their assessment of the evidence. They are usually 
identified by square bracket comments.

The framework of a Handbook on screening 
includes the following sections.

1. Global burden and disease 
characteristics

Descriptive epidemiology

The purpose of this section is to document the 
importance of the disease in terms of the world-
wide burden of the cancer described (mortality, 
incidence, prevalence, and survival rates), 
including regional differences and time trends. 
Expected trends in the absence of screening are 
a relevant component of this section.

Natural history of the disease, risk factors, 
treatment, and survival

In this section, the natural history of the 
disease of interest and the established risk factors 
are briefly described. Information on treatment 
and survival in different settings is reviewed, 
with a worldwide perspective.

2. Screening techniques

It is important to distinguish between 
screening techniques and screening procedures, 
i.e. between the technique itself and the way in 
which it is administered. The two merit separate, 
detailed evaluation. Each of the screening tech-
niques to be considered is described. The ability 
of each test to detect cancer and to distinguish 
cancer from non-cancer conditions is assessed:

•	 Technique of screening test;
•	 Technical quality control;
•	 Screening performance;
•	 Host factors affecting screening performance;
•	 Cost of the test when implemented in mass 

screening programmes.

3. Availability and use of screening 
programmes

Information on how screening is delivered 
in different countries is reviewed in this section, 
with emphasis on the following aspects:

•	 Infrastructure for diagnosis and treatment: 
standard diagnostic procedures and treat-
ment regimens and their availability to the 
target population;

•	 Extent of population coverage and participa-
tion rates;

•	 Equity, as defined by the extent to which 
access to the procedure (including diagnostic 
investigation and treatment) is ensured for 
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all eligible individuals, irrespective of any 
personal characteristics;

•	 Informed decision and informed consent: 
the extent to which individual values are 
respected when information on potential 
benefit and harm is conveyed and recom-
mendations for screening made;

•	 Behavioural and demographic considerations 
that affect participation in screening.

4. Efficacy of screening tests

In this section, evidence from efficacy studies 
is reviewed, and aspects of study design and anal-
ysis are critically discussed. The Handbooks are 
not intended to summarize all published studies 
(see Part A). The Working Group considers the 
following aspects:

•	 Relevance of the study;
•	 Appropriateness of the design and analysis to 

the question being asked;
•	 Adequacy and completeness of the presenta-

tion of the data;
•	 Degree to which chance, bias, and confound-  

ing may have affected the results.

The appropriate outcomes (mortality or inci-
dence) of a given procedure, for example the 
detectable phases of the natural history of the 
disease, are also defined.

Aspects that are particularly important 
in evaluating randomized controlled trials 
are: the selection of participants, the nature 
and adequacy of the randomization proce-
dure, evidence that randomization achieved an 
adequate balance between the groups, exclusion 
criteria used before and after randomization, 
compliance with the intervention in the screened 
group, and “contamination” of the control group 
with the intervention. Other considerations are 
the means by which the end-point was deter-
mined and validated (either by screening or by 

other means of detection of the disease), the 
length and completeness of follow-up of the 
groups, and the adequacy of the analysis.

When randomized controlled trials are 
lacking, relevant observational studies should 
be considered and similar criteria used for their 
evaluation. In evaluating case–control and 
cohort studies, particular attention is paid to the 
definition of cases, controls, and exposure and, 
for cohort studies, to the length and completeness 
of follow-up. Potential bias, especially selection 
bias, is carefully examined in all observational 
studies.

5. Effectiveness of population-
based screening

The impact of the screening procedure when 
implemented in defined populations is examined 
in this section. Indicators used to monitor effec-
tiveness, such as positive and negative predictive 
values, detection rate, rates of interval cancers, 
and the number of tests performed, are reported. 
Time trends before and after implementation 
of screening as well as comparisons, including 
geographical comparisons, of the occurrence of 
the disease and death from the disease in popu-
lations exposed and not exposed to screening 
are reviewed and interpreted. In doing this, the 
Working Group takes into account differences 
in screening procedures (e.g. frequency and the 
age of the target population) and of participation 
rates.

An integral component of this section is 
an evaluation of the expected benefit or harm 
of the screening procedure to the population. 
Reductions in mortality from and/or incidence 
of invasive disease are fundamental indicators of 
benefit. An additional benefit is that more cases 
may be treated initially by less aggressive, less 
invasive procedures, thus improving quality of 
life.
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The spectrum of health care is dynamic, and 
a screening procedure should not be viewed 
in isolation. Greater awareness of the disease, 
brought about by publicity about screening that 
may result in early diagnosis, could be regarded as 
another benefit of a screening programme. Also, 
in this section the possibility should be consid-
ered that there might have been a change in treat-
ment of the cancer, which even in the absence 
of screening would have resulted in a substan-
tial decrease in mortality. As far as possible, an 
evaluation should be made of the extent to which 
improved treatment has been responsible for 
any changes seen in mortality from the specific 
disease. Estimates of rates of false-positive and 
false-negative findings in screened individuals 
and their consequences (false sense of security 
with false-negatives, and false alarm and conse-
quent diagnostic and sometimes therapeutic 
intervention with false-positives) are an inte-
gral part of this section. The rates of short- and 
long-term side-effects of the screening procedure 
and the likelihood of unnecessary treatment are 
discussed.

Management procedures for lesions detected 
at screening are reviewed. Psychological factors, 
such as anxiety induced by undergoing the test 
procedure, are also considered. Finally, the cost–
effectiveness of various modalities of test admin-
istration in various settings is considered. The 
discussion takes into account the costs per case 
detected and per death prevented.

6. Summary

In this section, the relevant data from 
each of the previous sections are summarized. 
Inadequate studies identified in the preceding 
text are not included.

7. Evaluation

Evaluations of the screening procedures

An evaluation of the degree of evidence 
of the efficacy and of the effectiveness of each 
screening procedure is formulated according to 
the following definitions.

Sufficient evidence for the efficacy and effective-
ness of a cancer-preventive effect will apply when 
screening interventions by a defined procedure 
are consistently associated with a reduction in 
mortality from the cancer and/or a reduction in 
the incidence of invasive cancer, and chance and 
bias can be ruled out with reasonable confidence.

Limited evidence for the efficacy and effective-
ness of a cancer-preventive effect will apply when 
screening interventions by a defined procedure 
are associated with a reduction in mortality from 
the cancer and/or a reduction in the incidence 
of invasive cancer, or a reduction in the inci-
dence of clinically advanced cancer, but bias or 
confounding cannot be ruled out with reason-
able confidence as alternative explanations for 
these associations.

Inadequate evidence for the efficacy and effec-
tiveness of a cancer-preventive effect will apply 
when data are lacking, or when the available 
information is insufficient or too heterogeneous 
to allow an evaluation.

Sufficient evidence that the screening proce-
dure is not efficacious in cancer prevention will 
apply when any of the following cases hold:

•	 The procedure does not result in earlier diag-
nosis than with standard methods already in 
use;

•	 The survival of cases detected at screening 
is no better than that of cases diagnosed 
routinely;

•	 The screening interventions are consistently 
associated with no reduction in mortality 
from or incidence of invasive cancer, and bias 
can be ruled out with reasonable confidence.
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In the case of limited or inadequate evidence, 
the Working Group should highlight those 
aspects of the procedure for which information is 
lacking, and which led to the uncertainty in eval-
uation. This will provide indications of research 
priorities.

Overall evaluation

The body of evidence for each screening 
procedure is considered as a whole, and summary 
statements are made about the cancer-preventive 
effects of the screening intervention and other 
beneficial or adverse effects, as appropriate. 
The overall evaluation is usually in the form 
of a narrative. The data on the effectiveness of 
the screening intervention are summarized, 
including the factors that determine its success 
and failure under routine conditions. Finally, 
the balance between expected benefit and harm 
is described.
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This fifteenth Volume of the IARC Handbooks 
of Cancer Prevention series evaluates the benefi-
cial and adverse effects of various modalities of 
breast cancer screening. It is the first Volume 
since the relaunch of the series in 2014; the four-
teenth Volume was published in 2011 (IARC, 
2011).

The IARC Handbooks of Cancer Prevention 
have had a major impact on WHO global cancer 
policies. The previous Handbook on breast cancer 
screening, published in 2002 (IARC, 2002a), was 
for more than a decade the reference for govern-
ments when deciding on a national breast cancer 
screening programme. 

Breast cancer has become the most common 
cancer in women worldwide, in both developed 
and developing countries. Primary prevention 
can be achieved by reducing exposure to prevent-
able risk factors, such as excess body fatness 
(IARC, 2002b) and consumption of alcoholic 
beverages (IARC, 2012), and by increasing phys-
ical activity (IARC, 2002b); secondary preven-
tion provides important additional options for 
breast cancer control.

In 2002, a Working Group of interna-
tional experts developed Volume 7 of the IARC 
Handbooks, on breast cancer screening (IARC, 
2002a). The resulting consensus evaluations are 
presented in Table 1.

Recent improvements in treatment outcomes 
for late-stage breast cancer, and renewed 
concerns about overdiagnosis, call for an up-to-
date, systematic, transparent, and independent 

evaluation of the benefits and harms of mammog-
raphy screening. The definition of what consti-
tutes the best implementation of mammography 
screening programmes (e.g. which age groups 
should be screened and with what frequency) 
needs to be revisited in the light of the results of 
recent studies. In addition, new studies on clin-
ical breast examination and breast self-examina-
tion warrant a re-evaluation of their efficacy and 
effectiveness in reducing mortality from breast 
cancer.

Furthermore, imaging techniques other 
than mammography need a rigorous scientific 
evaluation of their usefulness for breast cancer 
screening. These include: adjunct ultrasonog-
raphy for women with dense breasts; digital tomo-
synthesis; magnetic resonance imaging, either 
as adjunct to mammography or as a stand-alone 
technique; and positron emission tomography.

Finally, the screening of women at increased 
risk of breast cancer requires a thorough reas-
sessment, particularly in the context of better 
data now available on adjunct or alternative 
screening modalities.

After a review of the available literature, the 
Working Group made evaluations for different 
outcomes and variables, including age group, 
screening interval, adverse effects, and cost–
effectiveness. For the screening of women at 
increased risk, evaluations were made for four 
different risk categories (BRCA mutations, 
family history of breast cancer without known 
mutations, personal history of breast cancer, and 

GENERAL REMARKS
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personal history of breast lesions) and various 
screening modalities and combinations thereof.

The aim of breast cancer awareness 
programmes is to educate women about the signs 
and symptoms of breast cancer and the impor-
tance of seeking early diagnosis and treatment. 
Overall, these steps aim at promoting the early 
diagnosis of the disease, for better treatment and 
prognosis; they are not considered as screening 
activities and are therefore not included in the 
evaluation.

While this Volume does not provide public 
health recommendations regarding implemen-
tation of breast cancer screening or recommen-
dations for future research, it may serve as the 
scientific evidence base for implementation of 
national breast cancer screening programmes.

A summary of the findings of this Volume 
has appeared in The New England Journal of 
Medicine (Lauby-Secretan et al., 2015).
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Table 1 Evaluations of breast cancer screening, IARC Handbooks Volume 7 (2002)

Type of evaluation Strength of evidence

Effect of screening with mammography in reducing mortality from breast cancer for 
women aged 50–69 years

Sufficient evidence

Effect of screening with mammography in reducing mortality from breast cancer for 
women aged 40–49 years

Limited evidence

Effect of screening with mammography in reducing mortality from breast cancer for 
women younger than 40 years or older than 69 years

Inadequate evidence

Effect of breast cancer screening by clinical breast examination in reducing mortality 
from breast cancer

Inadequate evidence

Effect of breast cancer screening by breast self-examination in reducing mortality from 
breast cancer

Inadequate evidence
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LIST OF ABBREVIATIONS

ABUS automated breast ultrasonography
ACR American College of Radiology
ACS American Cancer Society
ADH atypical ductal hyperplasia
AJCC American Joint Committee on Cancer
ALH atypical lobular hyperplasia
APC annual percentage change
ASP active study population
BI-RADS Breast Imaging Reporting and Data System
BMI body mass index
BSE breast self-examination
BSGI breast-specific gamma imaging
CANSA Cancer Association of South Africa
CBCSI Canadian Breast Cancer Screening Initiative
CBE clinical breast examination
cDNA complementary DNA
CI confidence interval
CMF cyclophosphamide, methotrexate, and 5-fluorouracil
CNBSS Canadian National Breast Screening Study
2D two-dimensional
3D three-dimensional
DALY disability-adjusted life year
DCIS ductal carcinoma in situ
DWI diffusion-weighted imaging
EBSN European Breast Screening Network
ER estrogen receptor
EU European Union
FDG fluorodeoxyglucose
GDP gross domestic product
HDI Human Development Index
HER2 human epidermal growth factor receptor 2
HHUS handheld ultrasonography
HR hazard ratio
HRT hormone replacement therapy
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IBM incidence-based mortality
ICER incremental cost–effectiveness ratio
JRC European Commission Joint Research Centre
LCIS lobular carcinoma in situ
LFS Li–Fraumeni syndrome
LMICs low- and middle-income countries
MISCAN Microsimulation Screening Analysis
MQSA Mammography Quality Standards Act
MRI magnetic resonance imaging
mRNA messenger RNA
NGOs nongovernmental organizations
NHS National Health Service
OMIM Online Mendelian Inheritance in Man
OR odds ratio
PBCR population-based cancer registry
PEM positron emission mammography
PET positron emission tomography
PPV positive predictive value
PR progesterone receptor
PSP passive study population
QALY quality-adjusted life year
RCT randomized controlled trial
RR relative risk
SBCN Swaziland Breast Cancer Network
SEER Surveillance, Epidemiology, and End Results
STORM Screening with Tomosynthesis or Standard Mammography
TNM tumour–node–metastasis
UICC Union for International Cancer Control
USPSTF United States Preventive Services Task Force
WHO World Health Organization



GLOSSARY

Background incidence rate The breast cancer incidence rate expected in the absence of screening.
Breast awareness Breast awareness programmes are intended to encourage women to be conscious of how their 

breasts normally look and feel, so that they can recognize and report any abnormality, with the 
goal of improving breast cancer survival by detecting breast cancer at an early stage.

Breast cancer detection rate The number of histologically proven malignant lesions of the breast, in situ (ductal only, not 
lobular) and invasive, detected at screening per 1000 women.

Breast cancer incidence rate The rate at which new cases of breast cancer occur in a population. The numerator is the 
number of newly diagnosed cases of breast cancer that occur in a defined period. The 
denominator is the population at risk of a diagnosis of breast cancer during this defined period, 
sometimes expressed as person–time at risk during that period.

Breast cancer mortality rate The rate at which deaths from breast cancer occur in a population. The numerator is the 
number of breast cancer deaths that occur in a defined time period. The denominator is the 
population at risk of dying from breast cancer during this defined period, sometimes expressed 
as person–time at risk during that period.

Breast cancer register A record of information on all new cases of breast cancer and deaths from breast cancer that 
occur in a defined population.

Breast cancer survival rate The percentage of women in a study group who are still alive for a certain period of time after 
they were diagnosed with breast cancer. The survival rate is often stated as the 5-year survival 
rate, which is the percentage of women in a study who are alive 5 years after their diagnosis.

Breast density The relative proportion of radiodense mammary collagen-rich stromal tissues in the breast, 
as opposed to the lower-density adipose tissue. Commonly referred to as “mammographic 
density”.

Breast self-examination An examination of a woman’s breasts by the woman herself, purportedly for early detection of 
breast cancer.

Clinical breast examination A detailed examination of a woman’s breasts by a health-care professional (i.e. nurse, physician, 
or surgeon) for early detection of breast cancer. (See also “Physical breast examination”.)

Effectiveness A measure of the extent to which screening, when deployed in the field under real conditions, 
does what it is intended to do for a specified population. The most important indicator of the 
effectiveness of a screening programme is its effect in reducing breast cancer mortality.

Efficacy The extent to which screening produces a beneficial result under ideal conditions. Randomized 
controlled trials, which are conducted to initially assess whether screening works, assess 
efficacy by estimating a primary outcome, such as reduction in breast cancer mortality in the 
study arm compared with the control arm.

Eligible population The adjusted target population, i.e. the target population minus those women who are excluded 
according to screening policy on the basis of eligibility criteria other than age, sex, and 
geographical location.
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False positive A test result indicating that a person has breast cancer when the person does not have breast 
cancer.

Incremental cancer 
detection rate

The number of additional cancers detected at screening with a particular modality relative to 
another. This is often stated as a percentage of screens or as a rate per 1000 screens.

Interval cancer A primary breast cancer diagnosed in a woman who had a result in a screening test, with 
or without further assessment, that was negative for malignancy, either (i) before the next 
invitation to screening was due or (ii) within a period equal to a screening interval for a woman 
who has reached the upper age limit for screening.

Interval cancer rate The number of interval cancers diagnosed within a defined period since the last negative result 
in a screening examination, per 1000 women with negative results.

Invasive breast cancer Invasive carcinoma of the breast is a malignant tumour, commonly adenocarcinoma, part 
or all of which penetrates the basement membrane of the mammary epithelial site of origin, 
particularly from the terminal duct lobular unit.

Lead time The period between when a cancer is found by screening and when it would have been detected 
from clinical signs and symptoms (not directly observable) in the absence of screening.

Length bias The bias towards detection of cancers with longer sojourn times, and therefore a better 
prognosis, by screening.

Opportunistic screening Screening outside an organized or population-based screening programme, as a result of, for 
example, a recommendation made during a routine medical consultation, a consultation for 
an unrelated condition, on the basis of a possibly increased risk of developing breast cancer 
(family history or other known risk factor), or by self-referral. Opportunistic screening relies 
on individual health-care providers taking the initiative to offer screening or to encourage 
individuals to participate in a screening programme, or to undertake screening outside the 
context of any programme.

Organized screening Screening programmes organized at national or regional level, with an explicit policy, a team 
responsible for organization and for health care, and a structure for quality assurance.

Overdiagnosis The diagnosis of a breast cancer as a result of screening that would not have been diagnosed in 
the patient’s lifetime if screening had not taken place.

Participation rate The number of women who have a screening test as a proportion of all women who are invited 
to attend screening.

Physical breast examination An examination of the breast performed to differentiate normal breast tissue from 
possibly cancerous breast tissue. The term is often used to mean specifically “clinical breast 
examination” (see this term).

Positive predictive value The proportion of all positive results at screening that lead to a diagnosis of cancer.
Prevalence The proportion of a population that exhibits a disease (classified as cases) at a single point in 

time. Approximately the product of the incidence and the average duration of the disease.
Recall The physical recall of women to the screening unit, as a consequence of the screening 

examination, for (i) a repeat mammogram because of technical inadequacy of the screening 
mammogram (technical recall) or (ii) clarification of a perceived abnormality detected at 
screening, by performance of an additional procedure (recall for further assessment).

Recall rate The number of women recalled for further assessment as a proportion of all women who were 
screened.

Refined mortality The breast cancer mortality rate ascertained specific to the diagnostic period, excluding women 
in whom breast cancer was diagnosed before screening began.

Screening interval The fixed interval between routine screenings decided upon in each programme, depending on 
screening policy.

Screening policy A policy for a specific screening programme that defines the targeted age and sex group, the 
geographical area, and other eligibility criteria; the screening test and interval (usually 2 or 
3 years); and requirements for payment or co-payment, if applicable. As a minimum, the 
screening protocol and repeat interval and determinants of eligibility for screening are stated.

Screening test A test applied to all women participating in a programme. In mammography screening, it 
usually consists of a bilateral, two-view mammogram with or without clinical examination.
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Glossary

Sensitivity The proportion of truly diseased persons in the screened population who are identified as 
diseased by the screening test. The more general expression for “sensitivity of the screening 
programme” refers to the ratio of true positives (breast cancers correctly identified at the 
screening examination) / [true positives + false negatives (breast cancers not identified at the 
screening examination, detected as interval cases)].

Sojourn time The preclinical detectable phase; the duration during which a tumour is detectable by 
screening but before clinical signs and symptoms appear (not directly observable).

Specificity The proportion of truly non-diseased persons in the screened population who are identified as 
non-diseased by the screening test (i.e. true negatives / [true negatives + false positives]).

Stage shift A shift of the stage distribution of the tumours detected towards a lower stage.
Target population The age-eligible population for screening, for example all women offered screening according 

to the policy.
Unrefined mortality The breast cancer mortality rate regardless of the time of diagnosis.
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1.1 The global burden of breast 
cancer: incidence, mortality, 
survival, and prevalence

1.1.1 Global burden

Breast cancer is the most commonly diagnosed 
cancer in women and the most common cause of 
cancer death in women worldwide. Globally, it 
is estimated that in 2012 there were 1.68 million 
new diagnoses (25% of all new cancer diagnoses 
in women) and 0.52  million deaths (15% of all 
cancer deaths in women) from invasive breast 
cancer, corresponding to age-standardized inci-
dence and mortality rates of 43.3 and 12.9 per 
100 000, respectively (Ferlay et al., 2013, 2014a). 
Unless otherwise stated, all further references in 
Section 1 to breast cancer refer to invasive breast 
cancer in women.

Before age 75  years, 1 in 22 women will be 
diagnosed with breast cancer and 1 in 73 women 
will die from breast cancer, worldwide. Breast 
cancer in men is a very rare disease, with inci-
dence rates of about 1% of those for women and 
with little evidence for changes over time (Ly et 
al., 2013). Male breast cancer is not considered 
further in this Handbook.

The estimated global incidence of breast 
cancer in 2012 was 3 times that of the next most 
common types of cancer in women: cancers of 
the colorectum (0.61 million new cases, 14.3 per 
100 000), lung (0.58 million, 13.6 per 100 000), and 
cervix (0.53 million, 14.0 per 100 000) (Fig. 1.1; 
Ferlay et al., 2013, 2014a). Mortality from breast 

cancer was broadly similar to that from lung 
cancer in women (0.49 million deaths, 11.1 per 
100 000) and substantially greater than that from 
the next most common causes of cancer death in 
women: cancers of the colorectum (0.32 million, 
6.9 per 100 000) and cervix (0.27 million, 6.8 per 
100 000) (Fig. 1.1; Ferlay et al., 2013, 2014a).

About one quarter of the breast cancer cases 
and deaths in the world in 2012 occurred in 
Europe, and approximately 15% of the cases and 
9% of the deaths occurred in North America 
(Fig.  1.2; Ferlay et al., 2013, 2014a). However, 
the largest contributor to the global burden was 
East and Central Asia, where 36.3% of the cases 
and 41.5% of the deaths occurred. Within East 
and Central Asia, China and India contributed 
substantially to the global burden, with 11.2% 
and 8.6% of the cases, respectively, and 9.2% and 
13.5% of the deaths, respectively. Latin America 
and the Caribbean contributed 9.1% of the cases 
and 8.3% of the deaths, whereas sub-Saharan 
Africa was estimated to contribute 5.6% of the 
cases and 9.1% of the deaths (Fig. 1.2).

For women diagnosed in 2005–2009, 5-year 
net survival rates from breast cancer generally 
exceeded 80% in Europe (excluding eastern 
Europe), in Australia and New Zealand, and 
in some countries in South America and Asia, 
and reached almost 90% in the USA (Allemani 
et al., 2014). High 10-year relative survival rates 
have also been reported in the more-developed 
regions of the world, such as 71.0% in Europe 
(Fig. 1.3; Allemani et al., 2013) and 82.7% in the 

1. BREAST CANCER
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USA (SEER, 2014a). A combination of this level 
of survival with high incidence rates results in a 
high global prevalence of breast cancer. Thus, in 
2012 there were an estimated 6.3 million women 
alive who had had a diagnosis of breast cancer 
in the previous 5 years (Ferlay et al., 2013). This 
represents more than one third (36.4%) of all 
5-year prevalent cancer cases in women and 
almost one fifth (19.2%) of those in both sexes 
combined. There are many more women living 
with a history of breast cancer than there are 
people living with a history of any other type of 
cancer (excluding non-melanoma skin cancer); 
the next highest estimated 5-year prevalence 
rates are for prostate cancer (3.9  million) and 
colorectal cancer (3.5  million in both sexes 
combined) (Fig. 1.4; Ferlay et al., 2013).

Similarly to most cancer types, both incidence 
and mortality rates of breast cancer increase 
with increasing age (Fig.  1.5), although (in the 
absence of screening) not as rapidly as for most 

other cancers; the majority of breast cancer cases 
and deaths occur in women older than 50 years. 
Of the worldwide burden of 1.68  million inci-
dent cases in 2012, 0.55 million (33%) were esti-
mated to occur in women younger than 50 years, 
0.91 million (54%) in women aged 50–74 years, 
and 0.22 million (13%) in women aged 75 years 
and older. Of the 0.52  million deaths in 2012, 
0.13  million (25%) were estimated to occur in 
women younger than 50 years, 0.27 million (52%) 
in women aged 50–74  years, and 0.12  million 
(23%) in women aged 75 years and older (Ferlay 
et al., 2013).

1.1.2 International variation

Breast cancer was the most frequently diag-
nosed cancer among women in 140 (76%) of the 
184 major countries included in the GLOBOCAN 
database (Ferlay et al., 2013). In most of the 
remaining countries, breast cancer was the 

Fig. 1.1 Estimated age-standardized (World) cancer incidence and mortality rates (ASR) per 
100 000, for 10 major sites, in men and women, 2012

From GLOBOCAN 2012 (Ferlay et al., 2013).
Male breast cancer rates not available.
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second most frequently diagnosed cancer, after 
cervical cancer. However, there are substantial 
regional variations in breast cancer incidence 
rates worldwide (Fig. 1.6). In 2012, more than a 
3-fold variation in the age-standardized breast 
cancer incidence rates was recorded between 
North America and western Europe (rates > 90 
per 100  000) and Central Africa and East and 
South-Central Asia (rates <  30 per 100  000) 
(Fig. 1.7).

At the country level, data from Volume X of 
Cancer Incidence in Five Continents for 2003–
2007 showed an approximately 5-fold variation 
in risk, which can reach 10-fold at the extremes 
(Fig. 1.8; Forman et al., 2013). In populations with 
incidence rates higher than 90 per 100 000, such 
as USA SEER, US Non-Hispanic White (92.5), the 
Netherlands (93.5), and Belgium (110.8), the risk 
of a woman being diagnosed with breast cancer 

before age 75 years is about 1 in 10, whereas in 
populations with rates lower than 20 per 100 000, 
such as Thailand, Khon Kaen (18.6), Malawi, 
Blantyre (14.3), and India, Dindigul (12.0), this 
risk is less than 1 in 50. Between these extremes, 
a gradient in risk is observed, including within 
the same continent. For example, within Europe, 
rates per 100 000 in Latvia (48.4), Bulgaria (52.7), 
and Spain, Granada (54.8) were less than half 
those in Belgium (110.8); similarly, within South 
America, rates in Ecuador, Quito (38.0) were 
about half those in Argentina, Córdoba (78.1).

The general shape of the age–incidence curve 
(Fig. 1.5) – a rapid rate of increase before age 50 years 
and a general flattening in later years – is observed 
in many populations. However, there is some 
variation between countries in the shape after age 
50 years. Some populations show a plateau (e.g. 
Tunisia, North), whereas others show a decline 

Fig. 1.2 Estimated global number of new cases and deaths with proportions by major world 
regions for breast cancer in women, 2012

From GLOBOCAN 2012 (Ferlay et al., 2013).
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(e.g. Thailand, Khon Kaen), which may be due 
to an increasing risk of occurrence in successive 
generations rather than to a real decline in risk 
with age (Moolgavkar et al., 1979). In less-de-
veloped countries, which are characterized by 
both a generally young age structure and a flat 
age–incidence curve, the increasing occurrence 
translates to a considerably lower mean age at 
diagnosis compared with more-developed coun-
tries. Although it has been suggested that this 
indicates different biological characteristics of 
breast cancer in women in less-developed coun-
tries, the evidence does not generally support 
such an interpretation (McCormack et al., 2013). 
Nevertheless, the existing variations in mean age 
at diagnosis can have important implications for 
early detection strategies (Harford, 2011; Corbex 
et al., 2012).

International variation in breast cancer 
mortality is also evident, although considerably 
less so than for incidence (Fig. 1.9). Regions with 
the highest age-standardized mortality rates (> 17 
per 100 000) were Melanesia, North Africa, and 
West Africa; the lowest rates (< 10 per 100 000) 
were seen in East Asia and Central America 
(Fig. 1.10). At the country level, selected results 
from the World Health Organization (WHO) 
Mortality Database for the period 2003–2007 
showed the highest age-standardized mortality 
rates (~20 per 100  000) in Denmark (21.6), the 
Netherlands (20.8), Argentina (19.3), and the 
United Kingdom (19.3); the lowest rates (≤ 6 per 
100 000) were seen in Ecuador (6.0), Egypt (5.6), 
and the Republic of Korea (4.9) (Fig. 1.11; WHO, 
2014).

Fig. 1.3 10-Year age-standardized relative survival (age at diagnosis, 0–89 years) for breast cancer 
in Nordic countries, 1964–2011

From Engholm et al. (2014). NORDCAN: Cancer Incidence, Mortality, Prevalence and Survival in the Nordic Countries, Version 7.0 (17.12.2014). 
Association of the Nordic Cancer Registries. Danish Cancer Society. Available from: http://www.ancr.nu, accessed 5 December 2014.

http://www.ancr.nu
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This observed smaller variation in mortality 
rates than in incidence rates is mainly a conse-
quence of the relatively improved survival and 
lower case fatality rates that are seen in high-in-
cidence, high-income countries and are not 
generally seen in lower-incidence, lower-income 
countries. Thus, as stated above, whereas the 
5-year survival rate is usually more than 80% in 
high-income countries, it is about 60% in coun-
tries such as Algeria and India (Allemani et al., 
2014). Within Europe, 5-year survival ranges 
from 71% in Latvia to 87% in Finland (Allemani 
et al., 2014), and 10-year survival ranges from 
54% in eastern Europe to 75% in northern 
Europe (Allemani et al., 2013). In another inter-
national comparative study, of women mainly 

diagnosed in the mid-1990s, the 5-year relative 
survival rate varied from 82% in China to 47% in 
the Philippines, 46% in Uganda, and 12% in The 
Gambia (Sankaranarayanan et al., 2010). Lower 
relative survival rates are explained largely by 
lower proportions of women presenting with 
localized disease, within both high-resource 
settings (Walters et al., 2013a) and low-re-
source settings (Sankaranarayanan et al., 2010). 
Comparable differences can also be observed 
within countries, among different socioeco-
nomic, racial, or ethnic groups. For example, 
within the USA in 2011, White women had a 
slightly higher age-standardized breast cancer 
incidence rate compared with Black women (127.2 
vs 122.7 per 100  000, respectively) and a lower 

Fig. 1.4 Estimated global number of 5-year prevalent cancer cases in the adult population (total: 
32 544 633 for all sites combined) with proportions by major sites for both sexes, 2012

Breast: 6 255 391 
(19.2%) 

Prostate: 3 923 668 
(12.1%) 

Colorectum: 3 543 582 
(10.9%) 

Lung: 1 893 078 
(5.8%) Cervix uteri: 1 547 161 

(4.8%) 

Stomach: 1 538 127 
(4.7%) 

Bladder: 1 319 749 
(4.1%) 

Corpus uteri: 1 216 504 
(3.7%) 

Thyroid: 1 206 075 
(3.7%) 

Other: 10 101 298 
(31%) 

From GLOBOCAN 2012 (Ferlay et al., 2013).
Excluding non-melanoma skin cancer.
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age-standardized mortality rate (20.9 vs 30.2 per 
100 000, respectively) (SEER, 2014a). This finding 
reflects substantially different survival rates 
(90.0% vs 77.3% at 5 years and 84.3% vs 68.4% at 
10 years, respectively) (SEER, 2014a).

1.1.3 Incidence and mortality in relation to 
level of development

Table 1.1 compares incidence and mortality 
estimates for breast cancer among countries 
aggregated according to four different levels of 
the Human Development Index (HDI) in 2012 
(UNDP, 2012). The HDI is a composite index 

based on life expectancy at birth, adult literacy 
rate, education enrolment rate, and gross 
domestic product (GDP) per capita. In 2012, 
almost half of the global breast cancer burden 
(45%; 0.75  million cases) and one third of the 
breast cancer deaths (33%; 0.17 million) occurred 
in countries with very high HDI. A substantial 
number of cases (29%; 0.49 million) and deaths 
(35%; 0.18  million) occurred in countries with 
medium HDI, although this includes the highly 
populous countries of China and India. Whereas 
age-standardized incidence rates broadly 
increased with increasing HDI (from 32.6 
per 100 000 in countries with low HDI to 79.0 
per 100  000 in countries with very high HDI), 
mortality rates had no equivalent relationship 
with HDI and were highest in countries with low 
HDI (17.0 per 100  000), largely in sub-Saharan 
Africa. The net effect of this is that the ratio of 
the number of deaths to the number of cases (a 
crude indicator of survival), by HDI category, 
increases from 23% for very high HDI to 36% for 
high HDI, 37% for medium HDI, and 47% for 
low HDI. Breast cancer was the most commonly 
diagnosed cancer within all four HDI levels, the 
most common cause of cancer death within the 
very high and low HDI levels, and the second 
most common cause of cancer death (after lung 
cancer) within the high and medium HDI levels.

1.1.4 Time trends

Figs . 1 .11–1 .14 show the annual age-stand-
ardized breast cancer incidence and mortality 
trends by year, for all ages and for the age group 
50–74 years (which is the age group most likely 
to have received breast cancer screening), for 
several representative populations.

The incidence graphs make use of data 
provided by population-based cancer regis-
tries and published in successive volumes of 
Cancer Incidence in Five Continents (Ferlay et 
al., 2014b). Registries have been selected that 
represent different world regions and for which 

Fig. 1.5 Age-specific incidence rates per 
100 000 for breast cancer in women in selected 
cancer registry populations, 2003–2007

From Cancer Incidence in Five Continents, Volume X (Forman et al., 
2013).
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comparatively long time series were available. In 
general, all-age incidence rates, although variable 
between populations, have consistently increased 
over the five decades considered, although 
without ever exceeding 100 per 100 000. There 
are signs of the rate of increase slowing down 
and the incidence rates reaching a plateau since 
the late 1990s, noticeably in the higher-incidence 
countries (Australia, Denmark, Finland, Israel, 
the United Kingdom, and the USA), whereas the 
lower-incidence countries tend to show ongoing 
increases and less of an evident plateau effect in 
the most recent 10  years (Fig.  1.11). A detailed 
study from India shows that the recent increase 
in female breast cancer incidence rates is one of 
the most important secular trends in the overall 
pattern of cancer applying to both urban and 
rural populations (Badwe et al., 2014). Incidence 
trends for the age group 50–74 years are broadly 
similar to those for all ages, with some evidence 
of a downtrend beginning in the late 1990s to 
early 2000s in the higher-incidence countries 
(Fig. 1.12).

The mortality data are from the WHO 
Mortality Database (WHO, 2014), and countries 
were selected according to the same criteria as for 
the incidence graphs (different world regions and 
comparatively long time series). All-age mortality 

rates increased modestly in most populations 
until the mid-1980s and have since declined in 
the higher-mortality countries (Fig.  1.13). Data 
from Japan singularly show a consistent increase 
since the mid-1960s. The highest mortality rates 
were observed in Denmark and the United 
Kingdom, where they approached 30 per 100 000 
in the early 1980s (Fig. 1.13). Mortality trends for 
the age group 50–74  years are, overall, similar 
to those for all ages, with a decline in mortality 
rates over the most recent two decades espe-
cially notable in the higher-mortality countries 
(Fig. 1.14). The start of the period of decline in 
mortality rates varies between countries (the 
mid-1980s in the United Kingdom and the USA, 
the early to mid-1990s in Australia, Denmark, 
and Israel, and the early 2000s in Estonia).

1.1.5 Time trends by age

Using the same sources as for Figs. 1.11–1.14, 
a more detailed consideration of time trends 
for selected individual countries is provided in 
Fig.  1.15 and Fig.  1.16. Each graph shows time 
trends for age-standardized breast cancer inci-
dence and mortality, within the age groups 
25–49  years, 50–74  years, and 75  years and 
older. Where possible, these figures are based 
entirely on national data, but for some (Japan 

Table 1.1 Breast cancer in women: estimated annual number of cases, age-standardized 
incidence rate, number of deaths, age-standardized mortality rate, and number of deaths as a 
percentage of number of cases, by HDI ranking and for the world, in 2012

Level of HDIa Number of cases 
(millions)

ASIR per 
100 000

Number of deaths 
(millions)

ASMR per  
100 000

Number of deaths/
number of cases (%)

Very high 0.75 79.0 0.17 14.1 23
High 0.28 45.2 0.10 14.6 36
Medium 0.49 26.5 0.18 9.8 37
Low 0.15 32.6 0.07 17.0 47
World 1.68 43.3 0.52 12.9 31

a  The HDI is a composite index based on life expectancy at birth, adult literacy rate, education enrolment rate, and gross domestic product 
(GDP) per capita. Predefined categories of the distribution of HDI by country have been used: low (HDI < 0.55), medium (0.55 ≤ HDI < 0.7), 
high (0.7 ≤ HDI < 0.8), and very high (HDI ≥ 0.8) (UNDP, 2012).
ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate; HDI, Human Development Index.
Derived from GLOBOCAN 2012 (Ferlay et al., 2013).
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and the USA), regional cancer registry data for 
incidence and national data for mortality were 
used. For each country, an indication is provided 
(by shading) of the period within which popu-
lation-based breast screening programmes 
were operational within the age group offered 
screening (usually the age group 50–69  years) 
(see Section 3.2). It should be noted that before 
the implementation of a programme, opportun-
istic screening would usually have been taking 
place for subsets of the population, and that 
after a screening service became operational, 
full roll-out to eligible women may have taken 
at least 10  years. In addition, due to the rela-
tively high breast cancer survival rates, several 
years are required before the impact of a service 
screening programme becomes discernible in 
routine cancer statistics. Thus, the time trends 
shown here are presented to provide context 
for the incidence and mortality trends, but they 
do not allow conclusions to be drawn about the 

impact of breast cancer screening programmes 
(see Section 5.2.1c for further discussion).

Fig.  1.15 shows trends in countries where 
national or regional mammography screening 
services were introduced during the 1980s or 
the 1990s. An increase in incidence rates in 
the two younger age groups (25–49  years and 
50–74 years) was evident before the introduction 
of screening; in general, this increase continued 
after the introduction of screening, but the rate of 
increase was greater in the age group 50–74 years. 
Such an increase was generally less evident in the 
age group 75 years and older, and in Sweden and 
New Zealand it was hardly evident at all. The 
introduction of screening tended to coincide with 
(or to just follow) the beginning of a period of 
decline in mortality rates in all three age groups. 
In Denmark, no such decline was apparent in the 
age group 75 years and older.

Fig.  1.16 shows trends in countries where 
screening services were introduced after 2000 

Fig. 1.6 Global distribution of estimated age-standardized (World) incidence rates (ASR) per 
100 000 for breast cancer in women, 2012

From GLOBOCAN 2012 (Ferlay et al., 2013).
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or have never been introduced. In all of these 
countries, incidence rates increased consistently 
over time in each of the three age groups. In the 
Czech Republic, Ireland, Slovakia, and Slovenia, 
mortality rates declined in the two younger age 
groups; this decline started before the onset of 
screening and was less apparent in the age group 
75 years and older. In Bulgaria, Costa Rica, Japan, 
and Singapore, there is evidence of a decline in 
mortality rates, although this is confined to the 
age group 25–49 years. In Bulgaria, Japan, and 
Singapore, mortality rates continued to increase 
in the two older age groups, whereas in Costa 
Rica mortality rates increased in the age group 

75 years and older but remained stable for the age 
group 50–74 years.

Overall, Fig. 1.15 and Fig. 1.16 show a general 
increase in incidence and a general decrease in 
mortality in all three age groups starting before 
the introduction of screening programmes. In 
those countries where screening services were 
introduced in the 1980s or the 1990s (Fig. 1.15), 
the increase in incidence was most rapid in the 
age group 50–74 years. In Bulgaria, Costa Rica, 
Japan, and Singapore, no decrease in mortality 
rates was seen in women older than 50 years. It 
is noteworthy that breast cancer incidence and 
mortality rates have been changing in different 

Fig. 1.7 Estimated age-standardized incidence and mortality rates (ASR) per 100 000 for breast 
cancer in women, for major world regions, 2012

From GLOBOCAN 2012 (Ferlay et al., 2013).
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ways during the recent decades, during which 
national mammography screening programmes 
have been established. 

1.1.6 Projection to 2025

Table 1.2 shows the estimated global burden 
of incidence and mortality from breast cancer 
in 2012 projected to 2025, overall and by HDI 
category. Overall, a 30% increase in the esti-
mated number of new cases (from 1.68 million to 
2.19 million) and a 33% increase in the number 
of deaths (from 0.52  million to 0.69  million) 
is projected by 2025. Because of differential 
population growth levels among different HDI 
categories, the numbers of cases and deaths are 

projected to increase most rapidly in countries 
with low HDI. The number of deaths is also 
projected to increase more rapidly in countries 
with medium HDI.

It is important to note that these projections 
only take account of global demographic changes 
in population structure and growth based on 
United Nations estimates (United Nations, 2012). 
The risk of developing or of dying from breast 
cancer is assumed to remain constant at 2012 
levels, and no allowance is made for changes 
in screening intensity. At least in more-devel-
oped countries, the projections in Table 1.2 may 
well underestimate incidence and overestimate 
mortality.

Fig. 1.8 Age-standardized incidence rates (ASR) per 100 000 for breast cancer in women, in 
selected cancer registry populations, 2003–2007
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Created by the Working Group using data from Forman et al. (2013).
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1.2 Classification and natural history

Several guidelines on breast disease classifi-
cation and on diagnostic criteria with respect to 
mammography screening are available (NHSBSP, 
2005; Perry et al., 2006; Lakhani et al., 2012; 
Table 1.3). This section highlights areas of rele-
vance to the different forms of breast screening, 
i.e. all forms of imaging and of palpation. The 
section on benign breast disease (Section 1.2.1) 
describes common breast conditions that may 
be indistinguishable from invasive ones by 
palpation and/or imaging, and lesions that may 
exhibit microcalcifications similar to those seen 
in some forms of carcinoma in situ. The section 
on breast carcinoma in situ (Section  1.2.2) 
provides an overview of those lesions that are 
found at a higher frequency in mammography 
screen-detected breast cancers than in sympto-
matic breast cancers, and may thus contribute 
to overdiagnosis and overtreatment. The section 
on invasive breast carcinoma (Section  1.2.3) 

provides a concise summary of the detailed 
classification and current understanding of the 
underlying molecular genetic basis (provided 
in detail elsewhere; Dixon & Sainsbury, 1998; 
Lakhani et al., 2012). Section  1.2.4 provides an 
overview of hereditary and somatic mutations in 
breast cancers.

1.2.1 Benign breast disease

Benign breast conditions constitute a hetero-
geneous group of lesions, presenting a wide range 
of symptoms and leading to mammographic 
abnormalities or incidentally detected micro-
scopic findings. The frequency of presentation of 
symptomatic palpable benign lesions and inva-
sive lesions differs according to a woman’s age. 
Fibroadenomas are most frequently observed 
in women younger than 20  years, representing 
more than 50% of presentations of women in 
this age group. Women aged 20–50 years gener-
ally present with localized benign lesions, and 

Fig. 1.9 Global distribution of estimated age-standardized mortality rates (ASR) per 100 000 for 
breast cancer in women, 2012

From GLOBOCAN 2012 (Ferlay et al., 2013).
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only about 20% have invasive breast cancer. 
In contrast, more than 40% of women aged 
51–60 years and more than 80% of women aged 
60 years and older present with invasive lesions 
(Lakhani et al., 2012). A similar age-related 
pattern of palpable symptomatic lesions is usually 
detected by breast self-examination (BSE). Most 
benign breast lesions have no known relationship 
to the development of breast cancer and merit 
treatment by excision only if causing symptoms, 
otherwise requiring no intervention.

(a) Histopathological classification of benign 
breast disease and molecular genetic 
characteristics

The current WHO classification of tumours 
of the breast (Lakhani et al., 2012) categorizes 
benign breast lesions under the categories shown 
in Table 1.3. Alternative systems of classification 
essentially use identical terminology and defi-
nitions but classify according to specific entity, 
associations, or clinical relevance. The European 
Union and the United Kingdom guidelines for 
classification of common benign breast lesions in 
the context of breast screening (NHSBSP, 2005; 
Perry et al., 2006) use the definitions detailed 
below.

The majority of benign conditions are masses 
that may be indistinguishable from an invasive 
breast lesion by palpation or imaging. Some 
other conditions, particularly forms of benign 
and neoplastic epithelial proliferations, are also 
discussed below. These may occur in conjunc-
tion with some benign mass-forming entities, 
for example fibrocystic change, papilloma, and 
sclerosing lesions, and may present symptomati-
cally or through palpation. In more recent years, 
they have increasingly been identified (alone or 
in combination with more subtle forms of related 
benign breast disease) using mammography, 
due to their ability to form microcalcifications, 
particularly of the low-risk clustered type, which 
can also be associated with low- and interme-
diate-grade forms of ductal carcinoma in situ 
(DCIS).

(b) Pathology and molecular genetics of 
common benign breast conditions

(i) Solitary cyst
This term describes a dilated space with a 

benign epithelial lining, usually larger than 
10  mm and usually attenuated or apocrine in 
type. No specific molecular genetic changes are 
associated with this pathology.

Table 1.2 Breast cancer in women: estimated annual number of cases and deaths, by HDI ranking 
and for the world, 2012 and 2025 projection

Level of HDIa Number of cases (millions) Number of deaths (millions)

  2012 2025 Increase (%) 2012 2025 Increase (%)

Very high 0.75 0.87 16 0.17 0.21 24
High 0.28 0.37 32 0.10 0.13 30
Medium 0.49 0.64 31 0.18 0.25 39
Low 0.15 0.22 47 0.07 0.11 57
World 1.68 2.19 30 0.52 0.69 33

a  The HDI is a composite index based on life expectancy at birth, adult literacy rate, education enrolment rate, and gross domestic product 
(GDP) per capita. Predefined categories of the distribution of HDI by country have been used: low (HDI < 0.55), medium (0.55 ≤ HDI < 0.7), 
high (0.7 ≤ HDI < 0.8), and very high (HDI ≥ 0.8) (UNDP, 2012).
HDI, Human Development Index.
Derived from GLOBOCAN 2012 (Ferlay et al., 2013).
The 2025 projection is based on demographic change and constant risk.



Breast cancer screening

35

(ii) Fibrocystic change
This term describes a variety of benign 

features, including cysts (some of which may 
be lined by apocrine epithelium), fibrosis, usual 
epithelial hyperplasia, and columnar cell change. 
No specific molecular genetic changes are asso-
ciated with this pathology (see also epithelial 
hyperplasia below).

(iii) Fibroadenoma
This term describes connective tissue and 

epithelium exhibiting a pericanalicular and/or 
intracanalicular growth pattern. The connective 
tissue is generally composed of spindle-like cells 
and may rarely also contain other mesenchymal 
elements such as fat, smooth muscle, osteoid, 
or bone. The epithelium is characteristically 

bilayered, but some of the changes commonly 
seen in lobular breast epithelium (e.g. apocrine 
metaplasia, sclerosing adenosis, blunt duct aden-
osis, and hyperplasia of usual type) may also 
occur in fibroadenomas. Sometimes individual 
lobules may exhibit increased stroma, producing 
a fibroadenomatous appearance, and occasion-
ally such lobules may be loosely coalescent. 
These changes are often called fibroadenoma-
toid hyperplasia. Consequently, fibroadenomas 
do not need to be perfectly circumscribed. Old 
lesions may show hyalinization and calcification 
(and, less frequently, ossification) of the stroma 
and atrophy of the epithelium. Calcified fibroad-
enomas may present as areas of indeterminate 
calcification, which are detectable by mammog-
raphy. Fibroadenomas are occasionally multiple. 

Fig. 1.10 Age-standardized mortality rates (ASR) per 100 000 for breast cancer in women, in 
selected populations, 2003–2007

0

5

10

15

20

25

Created by the Working Group using data from WHO (2014).
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Malignant changes are very rare in the epithelial 
component, and usually take the form of carci-
noma in situ, more frequently lobular carcinoma 
in situ (LCIS) than DCIS. Fibroadenomas should 
be distinguished from phyllodes tumours, which 
are characterized by the presence of increased 
stromal cellularity and epithelium-lined cleft 
spaces.

Fibroadenomas have been associated predom-
inantly with polyclonality, although numerical 
aberrations of chromosomes 16, 17, 18, and 21 
have also been described. Phyllodes tumours 
have been associated with monoclonality, DNA 

methylation, and alternations of the Wnt signal-
ling pathway.

(iv) Papilloma
This term describes an arborescent, fibro-

vascular stroma covered by an inner myoep-
ithelial layer and an outer epithelial layer. 
Epithelial hyperplasia without cytological atypia 
is often present, whereas atypical hyperplasia is 
rarely seen. Solitary papillomas usually occur 
centrally in subareolar ducts and are associated 
with low-grade tumours. Multiple papillomas 
are more likely to be peripheral and to involve 
terminal duct lobular units, and are frequently 
associated with atypical hyperplasia and DCIS. 

Fig. 1.11 Age-standardized incidence rates per 
100 000 by year in selected populations for 
breast cancer in women of all ages

From Ferlay et al. (2014b).

Fig. 1.12 Age-standardized incidence rates per 
100 000 by year in selected populations for 
breast cancer in women aged 50–74 years

From Ferlay et al. (2014b).
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Benign papillomas are monoclonal proliferations 
characterized by somatic point mutations in the 
PIK3CA, AKT1, and RAS genes. Alterations of 
chromosome 16 have been described in both 
benign and malignant papillary lesions.

Lesions termed ductal adenoma (sclerosing 
duct papilloma) exhibit a variable appearance, 
similar to a certain extent to other benign breast 
lesions. They may resemble papillomas, although 
they exhibit a growth pattern that is adenoma-
tous rather than papillary.

(v) Sclerosing adenosis
This term describes an organoid lobular 

enlargement in which increased numbers of 
acinar structures exhibit elongation and distor-
tion. The normal two-cell lining is retained, but 
there is myoepithelial and stromal hyperplasia. 
The acinar structures may infiltrate the adjacent 
connective tissue and occasionally the nerves 
and blood vessels, thus possibly leading to an 
erroneous diagnosis of malignancy. Early lesions 
of sclerosing adenosis are more cellular-like, and 
later ones are more sclerotic-like. Calcification 
may be present. A coalescence of adjacent 
lobules of sclerosing adenosis may form a mass, 

Fig. 1.13 Age-standardized mortality rates per 
100 000 by year in selected populations for 
breast cancer in women of all ages

From WHO (2014).

Fig. 1.14 Age-standardized mortality rates per 
100 000 by year in selected populations for 
breast cancer in women aged 50–74 years

From WHO (2014).
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Fig. 1.15 Age-standardized incidence rates (solid lines) and mortality rates (dashed lines) per 
100 000 by year in selected countries for breast cancer in women

25–49 years (red), 50–74 years (green), and 75 years and older (blue).
Selected countries in which population-based or opportunistic breast cancer screening programmes using mammography were initiated during 
the 1980s or 1990s. Shading indicates the period within which screening programmes were operational. In Sweden and Denmark, the start of the 
shaded period indicates the year when pilot screening programmes were implemented in a region of the country before national adoption.
Created by the Working Group using incidence data from Ferlay et al. (2014b) and mortality data from WHO (2014). All data are national, except 
for incidence data for the USA, which are for the SEER-9 group of cancer registries (Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, 
San Francisco-Oakland, Seattle-Puget Sound, and Utah).
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Fig. 1.16 Age-standardized incidence rates (solid lines) and mortality rates (dashed lines) per 
100 000 by year in selected countries for breast cancer in women

25–49 years (red), 50–74 years (green), and 75 years and older (blue).
Selected countries in which population-based or opportunistic breast cancer screening programmes using mammography were initiated after 
2000 or have never been implemented. Shading indicates the period within which screening programmes were operational. In Ireland, the start 
of the shaded period indicates the year when a pilot screening programme was implemented in a region of the country before national adoption.
Created by the Working Group using incidence data from Ferlay et al. (2014b) and mortality data from WHO (2014). All data are national, except 
for incidence data for Japan, which are for the Osaka Cancer Registry.
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Table 1.3 Benign and malignant breast tumours recognized in the current WHO classification of 
tumours of the breast

EPITHELIAL TUMOURS
Microinvasive carcinoma  
Invasive breast carcinoma  
Invasive carcinoma of no special type (NST) 8500/3
      Pleomorphic carcinoma 8022/3
      Carcinoma with osteoclast-like stromal giant cells 8035/3
      Carcinoma with choriocarcinomatous features —
      Carcinoma with melanotic features —
Invasive lobular carcinoma 8520/3
Tubular carcinoma 8211/3
Cribriform carcinoma 8201/3
Mucinous carcinoma 8480/3
Carcinoma with medullary features  
      Medullary carcinoma 8510/3
      Atypical medullary carcinoma 8513/3
      Invasive carcinoma NST with medullary features 8500/3
Carcinoma with apocrine differentiation —
Carcinoma with signet-ring-cell differentiation —
Invasive micropapillary carcinoma 8507/3*
Metaplastic carcinoma of no special type (NST) 8575/3
      Low-grade adenosquamous carcinoma 8570/3
      Fibromatosis-like metaplastic carcinoma 8572/3
      Squamous cell carcinoma 8070/3
      Spindle cell carcinoma 8032/3
      Metaplastic carcinoma with mesenchymal differentiation 8571/3
      Mixed metaplastic carcinoma 8575/3
      Myoepithelial carcinoma 8982/3
Rare types  
Carcinoma with neuroendocrine features  
      Neuroendocrine tumour, well-differentiated 8246/3
      Neuroendocrine carcinoma, poorly differentiated (small cell carcinoma) 8041/3
      Carcinoma with neuroendocrine differentiation 8574/3
Secretory carcinoma 8502/3
Invasive papillary carcinoma 8503/3
Acinic cell carcinoma 8550/3
Mucoepidermoid carcinoma 8430/3
Polymorphous carcinoma 8525/3
Oncocytic carcinoma 8290/3
Lipid-rich carcinoma 8314/3
Glycogen-rich clear cell carcinoma 8315/3
Sebaceous carcinoma 8410/3
Salivary gland/skin adnexal type tumours  
      Cylindroma 8200/0
      Clear cell hidradenoma 8402/0*
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Epithelial–myoepithelial tumours  
Pleomorphic adenoma 8940/0
Adenomyoepithelioma 8983/0
      Adenomyoepithelioma with carcinoma 8983/3*
Adenoid cystic carcinoma 8200/3
Precursor lesions  
Ductal carcinoma in situ 8500/2
Lobular neoplasia  
      Lobular carcinoma in situ  
            Classic lobular carcinoma in situ 8520/2
            Pleomorphic lobular carcinoma in situ 8519/2*
      Atypical lobular hyperplasia —
Intraductal proliferative lesions  
Usual ductal hyperplasia —
Columnar cell lesions including flat epithelial atypia —
Atypical ductal hyperplasia —
Papillary lesions  
Intraductal papilloma 8503/0
      Intraductal papilloma with atypical hyperplasia 8503/0
      Intraductal papilloma with ductal carcinoma in situ 8503/2*
      Intraductal papilloma with lobular carcinoma in situ 8520/2
Intraductal papillary carcinoma 8503/2
Encapsulated papillary carcinoma 8504/2
      Encapsulated papillary carcinoma with invasion 8504/3
Solid papillary carcinoma  
      In situ 8509/2
      Invasive 8509/3
Benign epithelial proliferations  
Sclerosing adenosis —
Apocrine adenosis —
Microglandular adenosis —
Radial scar/complex sclerosing lesion —
Adenomas  
      Tubular adenoma 8211/0
      Lactating adenoma 8204/0
      Apocrine adenoma 8401/0
      Ductal adenoma 8503/0
MESENCHYMAL TUMOURS  
Nodular fasciitis 8828/0*
Myofibroblastoma 8825/0
Desmoid-type fibromatosis 8821/1
Inflammatory myofibroblastic tumour 8825/1
Benign vascular lesions  
      Haemangioma 9120/0
      Angiomatosis —
      Atypical vascular lesions —
Pseudoangiomatous stromal hyperplasia —

Table 1.3   (continued)
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Granular cell tumour 9580/0
Benign peripheral nerve-sheath tumours  
      Neurofibroma 9540/0
      Schwannoma 9560/0
Lipoma 8850/0
      Angiolipoma 8861/0
Liposarcoma 8850/3
Angiosarcoma 9120/3
Rhabdomyosarcoma 8900/3
Osteosarcoma 9180/3
Leiomyoma 8890/0
Leiomyosarcoma 8890/3
FIBROEPITHELIAL TUMOURS  
Fibroadenoma 9010/0
Phyllodes tumour 9020/1
      Benign 9020/0
      Borderline 9020/1
      Malignant 9020/3
      Periductal stromal tumour, low grade 9020/3
Hamartoma  
TUMOURS OF THE NIPPLE  
Nipple adenoma 8506/0
Syringomatous tumour 8407/0
Paget disease of the nipple 8540/3
MALIGNANT LYMPHOMA  
Diffuse large B-cell lymphoma 9680/3
Burkitt lymphoma 9687/3
T-cell lymphoma  
      Anaplastic large cell lymphoma, ALK-negative 9702/3
Extranodal marginal-zone B-cell lymphoma of MALT type 9699/3
Follicular lymphoma 9690/3
METASTATIC TUMOURS  
TUMOURS OF THE MALE BREAST  
Gynaecomastia  
Carcinoma  
      Invasive carcinoma 8500/3
      In situ carcinoma 8500/2
CLINICAL PATTERNS  
Inflammatory carcinoma 8530/3
Bilateral breast carcinoma  

a  The morphology codes are from the International Classification of Diseases for Oncology (ICD-O). Behaviour is coded /0 for benign tumours, 
/1 for unspecified, borderline, or uncertain behaviour, /2 for carcinoma in situ and grade 3 intraepithelial neoplasia, and /3 for malignant 
tumours.
b  The classification is modified from the previous WHO histological classification of tumours (2003), taking into account changes in our 
understanding of these lesions. In the case of neuroendocrine neoplasms, the classification has been simplified to be of more practical utility in 
morphological classification.
* These new codes were approved by the IARC/WHO Committee for ICD-O in 2013.
Source: Adapted from Lakhani et al. (2012).

Table 1.3   (continued)
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detectable by mammography or by macroscopic 
examination, which is termed “nodular sclerosing 
adenosis” or “adenosis tumour”. Occasionally, 
apocrine metaplasia is seen in areas of sclerosing 
adenosis (termed “apocrine adenosis”), with or 
without cytological atypia. Rarely, the epithe-
lium in sclerosing adenosis may show atypical 
hyperplasia or carcinoma in situ. No specific 
molecular genetic changes are associated with 
this pathology.

(vi) Complex sclerosing lesions and radial scars
This term describes sclerosing lesions with 

a pseudo-infiltrative growth pattern. A radial 
scar is characterized by a diameter of 10  mm 
or less and by a central fibro-elastic zone from 
which radiate out tubular bilayered structures, 
which may exhibit intraluminal proliferation. 
Lesions larger than 10 mm are generally termed 
complex sclerosing lesions; they have the same 
features as radial scars but a larger size and more 
disturbance of structure, often with nodular 
masses around the periphery. Changes such as 
papilloma formation, apocrine metaplasia, and 
sclerosing adenosis may be superimposed on the 
main lesion, thus giving rise to complex scle-
rosing lesions. Atypia or a noticeable quantity 
of carcinoma in situ may also be present. No 
specific molecular genetic changes are associated 
with this pathology.

(vii) Periductal mastitis/duct ectasia
This process involves larger and intermedi-

ate-size ducts, generally in a subareolar location. 
The ducts are lined by normal or attenuated 
epithelium, are filled with amorphous, eosin-
ophilic material and/or foam cells, and exhibit 
marked periductal chronic inflammation, often 
with large numbers of plasma cells (periductal 
mastitis). There may be pronounced periductal 
fibrosis. Calcification may be present. The process 
may ultimately lead to obliteration of ducts (duct 
ectasia), leaving dense fibrous masses, often asso-
ciated with nipple discharge or retraction. No 

specific molecular genetic changes are associated 
with this pathology.

(viii) Inflammatory breast conditions
This term refers to mastitis, mammary duct 

fistula, lymphocytic lobulitis, specific infections, 
and granulomatous mastitis. No specific molec-
ular genetic changes are associated with this 
pathology.

(c) Pathology and molecular genetics of 
benign epithelial proliferations

(i) Usual epithelial hyperplasia
This term describes the proliferation of a 

mixed cell population comprising (luminal) 
epithelial cells and basal/myoepithelial cells with 
a streaming epithelial architecture, with forma-
tion of irregular, slit-like, and peripheral luminal 
spaces. Most studies have found no consistent 
molecular genetic alterations associated with 
this pathology.

(ii) Columnar cell lesions
This term describes blunt duct adenosis, 

columnar cell change, columnar cell hyper-
plasia, unfolded lobule, and columnar alteration 
with prominent apical snouts and secretions. 
In broad terms, these lesions cover a spectrum 
of changes, ranging from bland columnar cell 
change to columnar cell hyperplasia (piling up 
of several layers) to flat epithelial atypia (super-
imposed mild atypia). These lesions have become 
increasingly identified by clinical examination 
as a consequence of more rigorous investiga-
tions of radiological calcifications. Lobular 
acini are commonly formed and are lined by 
tall and snouted epithelial cells, similar to those 
observed in tubular carcinoma. Commonly, 
this is associated with luminal secretions and/
or microcalcifications. As well as atypical ductal 
hyperplasia (ADH)/low-grade DCIS, other 
epithelial proliferations may merge or be asso-
ciated with columnar cell hyperplasia, including 
atypical lobular hyperplasia (ALH), LCIS, and 
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invasive carcinoma, often of low-grade tubular 
or tubulolobular type. There is limited informa-
tion about the molecular genetic alterations asso-
ciated with this pathology; loss of chromosome 
16q is the most frequently described (Moinfar et 
al., 2000; Simpson et al., 2005; Abdel-Fatah et al., 
2008; Go et al., 2012).

(iii) Atypical ductal hyperplasia
ADH is a rare lesion, which is identified based 

on some but not all features of DCIS. Difficulties 
are encountered mainly in distinguishing ADH 
from the low-grade variants of DCIS. Areas of 
ADH usually do not exceed 2–3  mm in size, 
with less than two complete membrane-bound 
spaces. Loss of heterozygosity on chromosomes 
16q, 17p, and 11q13 is a common feature of ADH, 
low-grade DCIS, and low-grade invasive breast 
cancer, implying that these lesions belong to a 
precursor progression pathway (Lopez-Garcia et 
al., 2010; Bombonati & Sgroi, 2011; Lakhani et 
al., 2012).

(iv) Atypical lobular hyperplasia
ALH and LCIS have traditionally been sepa-

rated as distinct lesions, based on cytological 
and quantitative features relating to the extent 
of lobular involvement and on different risks 
of subsequent invasive breast cancer. However, 
the two lesions have similar molecular profiles. 
It has been suggested that ALH and LCIS 
should be grouped together as in situ lobular 
neoplasia, except when their degree and extent 
can be assessed to estimate the risk of subsequent 
invasive carcinoma. In situ lobular neoplasia 
is characterized by the proliferation within 
the terminal duct lobular units of discohesive 
round, cuboidal, or polygonal cells with clear or 
light cytoplasm. The distension of lobular units 
may vary from patent lumina to complete oblit-
eration. In ALH, there is minimal extension of 
less than half of the acini, whereas in LCIS more 
than half of the acini within the terminal duct 
lobular unit are distended by an expansion of the 

typical cells (≥ 8 cells across each acinus). ALH 
and LCIS are clonal lesions and share the same 
abnormalities, indicating that they are part of a 
precursor progression pathway. Loss of chromo-
somes 11q13, 16q, and 17p and alterations of the 
E-Cadherin CCND1 locus have been reported 
(Simpson et al., 2003; Lopez-Garcia et al., 2010; 
Bombonati & Sgroi, 2011; Lakhani et al., 2012).

(d) Natural history of benign lesions associated 
with increased risk of breast cancer

See Lakhani et al. (2012) for review.
Various forms of breast epithelial prolifera-

tion have been associated with an increased risk of 
invasive breast cancer (Lopez-Garcia et al., 2010; 
Bombonati & Sgroi, 2011; Lakhani et al., 2012), 
both ipsilateral and contralateral. A 1.5–2.0-fold 
increased risk for usual epithelial hyperplasia, 
a 2.5–4.0-fold increased risk for ADH, and a 
4.0–5.0-fold increased risk for ALH have been 
reported. Other forms of benign breast disease, 
such as sclerosing adenosis, fibroadenoma, and 
papillary apocrine change, appear not to alter the 
risk of breast cancer or to have a risk equivalent 
to that for any coexisting epithelial proliferation. 
All of these epithelial proliferative lesions may be 
detected by breast screening and excised.

1.2.2 Breast carcinoma in situ

The two non-invasive forms of breast carci-
noma in situ are DCIS and LCIS, each with 
distinctive morphological and behavioural char-
acteristics. The neoplastic cell populations are 
confined within the parenchymal site of origin 
without stromal invasion across the basement 
membrane. DCIS, but rarely LCIS, may harbour 
calcifications that give rise to mammographic 
abnormalities.

(a) Pathological classification of DCIS

See NHSBSP (2005), Perry et al. (2006), and 
Lakhani et al. (2012) for review.
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DCIS is, in most cases, a unicentric (involving 
a single duct system) proliferation of epithelial 
cells with malignant cytological features within 
the parenchymal structures of the breast. Most 
DCIS lesions arise from the terminal duct lobular 
units.

The classification of DCIS is evolving, and it 
is now considered to represent a heterogeneous 
group of in situ neoplastic processes. The cytonu-
clear features of DCIS are less frequently variable 
within a lesion, and lesions of high nuclear grade 
are more clinically aggressive. There is less heter-
ogeneity in nuclear grade characteristics, and 
most of the contemporary histological classifica-
tion systems are based on a three-tier grading or 
differentiation system with nuclear grade: high, 
intermediate, and low nuclear grades (NHSBSP, 
2005; Perry et al., 2006; Lakhani et al., 2012).

High-nuclear-grade DCIS cells have pleo-
morphic, irregularly spaced, and (usually) large 
nuclei exhibiting marked variation in size. 
Mitoses are usually frequent, and abnormal 
forms may be seen. High-grade DCIS may exhibit 
several growth patterns, often solid with come-
do-type central necrosis, frequently containing 
deposits of amorphous calcification. Sometimes 
a solid proliferation of malignant cells fills the 
duct without necrosis, and is confined to nipple/
lactiferous ducts in cases presenting with Paget 
disease of the nipple. High-nuclear-grade DCIS 
may also exhibit micropapillary and cribriform 
patterns, frequently associated with central 
comedo-type necrosis. A high-grade flat form 
of DCIS is also recognized, although it is infre-
quent. These lesions are usually human epidermal 
growth factor receptor 2 (HER2)-positive.

Intermediate-grade DCIS cells show moderate 
pleomorphism of the nuclei, which lack the 
monotony of the low-grade cell type, with nuclei 
that are typically larger. The growth pattern may 
be solid, cribriform, or micropapillary, and clear 
cell or apocrine types often fall into this category.

Low-nuclear-grade DCIS is composed of 
monomorphic, evenly spaced cells with usually, 

but not invariably, rounded small nuclei, and rare 
individual cell necrosis. These cells are gener-
ally arranged in micropapillary and cribriform 
patterns.

A small proportion of cases of DCIS exhibit 
mixed features of differing nuclear grades.

Other rare, but morphologically distinct, 
subtypes of DCIS are recognized, but without 
firm evidence of distinction from more common 
DCIS forms with regard to their clinical pres-
entation and/or behaviour, with the exception 
of encysted papillary carcinoma. These include 
apocrine, clear cell, signet ring, neuroendocrine, 
and cystic hypersecretory forms of DCIS and 
variants with a papillary structure, including 
papillary carcinoma in situ, solid papillary carci-
noma in situ, and encysted papillary carcinoma.

(b) Molecular genetic changes of breast 
carcinoma in situ

Several molecular alterations have been char-
acterized, some of which are related to survival. 
Molecular genetic studies of low-grade DCIS and 
ADH have provided evidence that these lesions 
are clonal and therefore fulfil the basic criterion 
of neoplastic transformation (Lakhani et al., 
1995; Lopez-Garcia et al., 2010). Early molecular 
studies and particularly comparative genomic 
hybridization studies suggested that the genetic 
lesions of DCIS are associated with particular 
morphological subtypes (Buerger et al., 1999). 
Well-differentiated DCIS is associated with loss 
of 16q and 17p, whereas tumours of intermediate 
and high grades often have losses of significantly 
more allelic chromosomal arms, frequently 
including 1p, 1q, 6q, 9p, 11p, 11q, 13q, and 17q 
(Fujii et al., 1996). High-grade DCIS is associ-
ated with gains at 17q but also at 11q and 13q 
(Chuaqui et al., 1997). Intermediate-grade DCIS 
shows a combination of lesions, such as 16q loss 
and gains at other chromosomes, particularly 
1q, or gain at 11q or 13q but not at 17q12, which 
is a feature of high-grade DCIS (Buerger et al., 
1999). Similarly, ALH and LCIS show the same 
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genetic mutations, with loss at 16p, 16q, 17p, and 
22q and gain at 6q (Lu et al., 1998). Interestingly, 
low-grade DCIS and ADH share similar genetic 
alterations with LCIS and ALH but not with 
high-grade DCIS. These observations challenge 
the existing assumptions that lobular and ductal 
lesions are distinct and that DCIS is a homoge-
neous disease.

It has been shown that in situ and invasive 
elements of breast cancers have identical molec-
ular alterations (Stratton et al., 1995; Hwang et al., 
2004; Moelans et al., 2011) and similar morpho-
logical characteristics (Lampejo et al., 1994), 
thus supporting the hypothesis that low-grade 
carcinoma in situ gives rise to low-grade invasive 
carcinoma, and high-grade carcinoma in situ to 
high-grade invasive carcinoma.

In addition, complementary DNA (cDNA) 
expression studies have confirmed that the core 
intrinsic molecular subgroups, including the 
luminal, HER2-overexpressing, and basal-like 
subtypes, found in invasive breast cancer (Perou 
et al., 2000; Sørlie et al., 2001) are replicated in 
DCIS, although at different frequencies (Vincent-
Salomon et al., 2008).

(c) Natural history of DCIS – association of 
DCIS with invasive carcinoma

Data on the natural history of untreated 
DCIS are limited, for ethical reasons. The avail-
able studies are historical and relate to sympto-
matic, extensive, high-grade comedo-type DCIS. 
In the past, DCIS was rare in clinical practice; 
patients typically presented with a mass lesion, 
nipple discharge, or Paget disease of the nipple, 
and were treated with mastectomy (Dean & 
Geshchicter, 1938).

More recent studies are virtually all exam-
ples of low-grade DCIS, with a progression rate 
of about 40% to invasive disease after 30  years 
(Page et al., 1995; Collins et al., 2005; Sanders et 
al., 2005), and invasive tumours occurring in the 
quadrant of the breast of the initial lesion (Page 
et al., 1995, Sanders et al., 2005). About 50% of 

DCIS recurrences are invasive carcinomas, and 
high-grade DCIS and DCIS with necrosis repre-
sent a biologically aggressive subset compared 
with low-grade DCIS lesions without necrosis 
(Solin et al., 1993; Silverstein et al., 1995, 1996; 
Fisher et al., 1999). One large randomized trial 
(Bijker et al., 2001a) showed that the margin 
status is the most important factor in the success 
of breast-conserving therapy for DCIS. The same 
trial suggested that local recurrence usually 
reflects outgrowth of residual DCIS, that progres-
sion of low-grade DCIS to high-grade DCIS or 
grade 3 invasive carcinoma is unusual, and that 
all forms of DCIS, even the lowest-grade flat/
micropapillary type, have a risk of local recur-
rence, which is reduced by the use of adjuvant 
radiotherapy (Bijker et al., 2001b; Fisher et al., 
2001; Donker et al., 2013).

Invasive lesions with an extensive intraductal 
component also show a predisposition to local 
recurrence after breast-conserving therapy (van 
Dongen et al., 1989). The grade of DCIS associated 
with invasive carcinoma has been shown to corre-
late with both disease-free interval and survival 
(Lampejo et al., 1994). It has been also reported 
that high-grade DCIS is associated with high-
grade invasive carcinoma, and low-grade DCIS 
with low-grade invasive carcinoma (Lampejo et 
al., 1994; Douglas-Jones et al., 1996; Cadman et 
al., 1997). An association between grade 3 inva-
sive carcinoma and poorly differentiated DCIS is 
seen whatever grading system is used (Douglas-
Jones et al., 1996).

(d) LCIS in the context of DCIS

Particularly in some more extensive lesions, 
making a distinction between in situ lobular 
neoplasia and DCIS may be difficult, and this may 
lead to misclassification (Fisher et al., 2004), as in 
the case of a regular, evenly spaced monotonous 
population within both ducts and lobules. In such 
cases, E-cadherin membrane reactivity may be 
useful in distinguishing between the two pathol-
ogies. However, if both ducts and lobules contain 
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epithelial proliferation of this type, particularly 
if E-cadherin is heterogeneous, categorization as 
both LCIS and DCIS is currently recommended, 
to imply the precursor risk of DCIS and the bilat-
eral cancer risk of in situ lobular neoplasia.

There is evidence that some forms of LCIS 
that have similarities to DCIS will behave in a 
similar fashion to DCIS and should be managed 
as an established form of carcinoma in situ. Such 
types of LCIS are described below.

(i) Pleomorphic variant of LCIS
See Lakhani et al. (2012) for review.
This LCIS subtype has larger cells of pleo-

morphic type (cytonuclear grade 3), with more 
abundant cytoplasm than the classic type. 
Pleomorphic LCIS is less frequently estrogen 
receptor (ER)-positive and more often HER2-
positive than the classic forms. Based on abun-
dant evidence, pleomorphic LCIS is widely 
regarded as a more aggressive form of the disease, 
and it is currently recommended that it should be 
managed similarly to DCIS rather than to classic 
LCIS, based on its biological and molecular 
profile (Masannat et al., 2013; Pieri et al., 2014).

(ii) Extensive and mass-forming LCIS with 
necrosis

See Lakhani et al. (2012) for review.
This variant of LCIS has classic cytology with 

central necrosis in distended acini. The degree 
of atypia is not sufficient for a diagnosis of pleo-
morphic LCIS. This variant is uncommon, and 
its clinical behaviour is not well established, but 
it can behave like DCIS (Fisher et al., 2004). This 
entity is usually regarded as an established form 
of carcinoma in situ, requiring therapeutic exci-
sion, equivalent to DCIS.

1.2.3 Invasive breast carcinoma

Invasive carcinoma of the breast is a malig-
nant tumour, commonly adenocarcinoma, 
part or all of which penetrates the basement 
membrane of the mammary epithelial site of 

origin, particularly from the terminal duct 
lobular unit (NHSBSP, 2005; Perry et al., 2006; 
Lakhani et al., 2012). The morphological appear-
ance of these tumours varies widely, and they 
show different prognostic or clinical character-
istics. More recently, specific genetic alterations 
have been identified in some types.

(a) Histopathological characteristics and 
classification

The prognosis of a patient with breast cancer 
relies on two distinct groups of variables. The 
first are time-dependant variables that influence 
tumour stage, such as the histological size of the 
tumour, the presence and extent of lymph-node 
metastatic disease, and the presence of systemic 
metastatic disease. The second group of varia-
bles, sometimes referred to as intrinsic charac-
teristics, are related to the inherent biology of the 
individual tumour and include the histological 
grade, tumour type, growth fraction, hormone 
and growth factor receptor status, and molecular 
genetic characteristics.

(i) Histological type and prognosis
A wide range of morphological patterns can 

be seen in invasive carcinomas, usually with 
distinct prognostic characteristics (Table  1.3; 
NHSBSP, 2005; Perry et al., 2006; Lakhani et al., 
2012). The favourable prognosis of certain histo-
logical types of invasive carcinoma of the breast 
is well established (Ellis et al., 1992; Pereira et al., 
1995; NHSBSP, 2005; Perry et al., 2006; Lakhani 
et al., 2012). These “special” or “specific” forms 
of invasive carcinoma have also been found at 
higher frequency in the prevalence round of 
mammographic breast screening programmes 
(Anderson et al., 1991; Ellis et al., 1993) and have 
been found more frequently at screening than 
as interval cancers found between screening 
rounds (Porter et al., 1999). The recent revision 
of the WHO classification, after consideration of 
clinical relevance and diagnostic reproducibility 
issues, has revised the requirements for absolute 
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purity of features and suggested the designation 
of “medullary-like carcinoma” for tumours that 
exhibit some or all medullary characteristics and 
have a moderate prognosis (Lakhani et al., 2012). 
This contrasts with tubular carcinoma, which 
has recently been shown to have an exceptionally 
favourable long-term prognosis (Rakha et al., 
2010b). Overall, patients with infiltrating lobular 
carcinoma have a slightly better prognosis than 
those with invasive ductal carcinoma, not other-
wise specified (Haagensen, 1986; Ellis et al., 
1992), although recent longer-term follow-up 
studies have shown that patients with lobular 
carcinoma may experience very late recurrence.

Invasive tumours are classified based on the 
purity of special type characteristics, if present, 
and are broadly categorized as follows (NHSBSP, 
2005; Perry et al., 2006; Lakhani et al., 2012).

Pure special type
For an invasive tumour to be characterized 

as pure special type, at least 90% of the tumour 
should have the characteristic features of that 
particular type (e.g. a tumour showing 90% 
mucinous features is classified as being of pure 
mucinous carcinoma type). In general, tumours 
of special type show favourable clinical prog-
nostic characteristics.

Invasive carcinoma of no special type
This is the most common category of inva-

sive breast carcinoma, showing none, or less 
than 50%, of the characteristic morphology of 
the special type tumour. It is often described as 
invasive ductal carcinoma, although the term 
“invasive carcinoma of no special type” or “inva-
sive carcinoma of no specific type” is preferred.

Mixed invasive carcinoma
This is a relatively common pattern of invasive 

breast carcinoma. The tumour may be heteroge-
neous in morphology, with more than 50% but 
less than 90% of special type areas, showing areas 
of pure tubular differentiation within a tumour 
otherwise showing no special type features.

Other primary breast carcinomas
This category includes rare variants such as 

carcinoma with apocrine differentiation, carci-
noma with neuroendocrine differentiation, and 
salivary gland-type tumours (e.g. adenoid cystic 
carcinoma and secretory carcinoma).

Other malignant carcinomas
Non-epithelial tumours and secondary malig-

nancies are included in this category.

(ii) Histological characteristics
Histological grade is a powerful prognostic 

method for grading invasive breast carcinomas 
based on the assessment of multiple cellular and 
architectural variables or nuclear variables. The 
early systems, in addition to a subjective histo-
logical assessment, were lacking strictly defined 
written criteria (Patey & Scarff, 1928; Bloom & 
Richardson, 1957). The method of Elston & Ellis 
(1991) was found to be reproducible (Dalton et 
al., 1994; Frierson et al., 1995; Robbins et al., 
1995) and has been adopted internationally as 
the standard method (NHSBSP, 2005; Perry et 
al., 2006; Lakhani et al., 2012). It evaluates three 
main tumour characteristics: tubule formation 
as an expression of glandular differentiation, 
nuclear pleomorphism, and mitotic counts. After 
each factor is assessed individually, a numerical 
scoring system assigns an overall grade as follows:

•	 Grade 1: well differentiated; 3–5 points
•	 Grade 2: moderately differentiated; 6–7 points
•	 Grade 3: poorly differentiated; 8–9 points.

(b) Biological and molecular genetic 
characteristics

Several molecular alterations characterize 
invasive breast carcinomas. Some are related 
to survival and also represent tumour-specific 
molecular signatures, suggesting the possibility 
of developing targeted therapy.
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(i) Estrogen and progesterone receptors
Estrogen is an important mitogen, and 

its expression is associated with response to 
hormone therapy, such as adjuvant tamoxifen 
(Osborne, 1998; Bundred, 2001; Isaacs et al., 
2001; Ali & Coombes, 2002; Davies et al., 2011); 
thus, ER-positive tumours have a more favour-
able initial prognosis than ER-negative tumours 
(Ali & Coombes, 2002). ER is expressed in 
approximately 80% of invasive breast tumours. 
Progesterone receptors (PRs) serve as an indi-
cator of an intact ER pathway and have been 
shown to also predict which patients will respond 
to hormone therapy (Bardou et al., 2003; Andre 
& Pusztai, 2006).

(ii) HER2
The ERBB2/HER2 oncogene, located on 

17q21, is amplified in approximately 20% of inva-
sive breast carcinomas, leading to overexpression 
of the coded HER2 protein, a transmembrane 
receptor with tyrosine kinase activity. HER2 
overexpression, measured by immunohis-
tochemistry (Wolff et al., 2013), is a weak to 
moderate independent predictor of survival 
(Slamon et al., 1987). HER2 is targeted by the 
humanized anti-HER2 monoclonal antibody, 
the anticancer drug trastuzumab (Cobleigh et 
al., 1999), in combination with chemotherapy 
for efficacy in both the metastatic and adjuvant 
settings (Slamon et al., 2001; Perez et al., 2011).

(iii) Proliferation
Several markers of proliferation have been 

extensively investigated for their prognostic 
value (Stuart-Harris et al., 2008), including 
mitotic count, DNA flow cytometric measure-
ment of the S-phase fraction, and immunohis-
tochemistry with antibodies to Ki-67, which is 
strongly expressed in proliferating cells (Cheang 
et al., 2009; Yerushalmi et al., 2010; Dowsett et 
al., 2011). However, the widespread use of such 
molecular changes has been limited by the lack 
of methodological standardization, the lack of 

consensus on appropriate cut-off points for clin-
ical use, and interobserver variability in scoring.

(iv) Gene expression and sequencing
A tumour classification system based on gene 

expression profiles is more informative than the 
morphology-based one (NICE, 2013). Variations 
in gene expression classify breast cancers into 
the following types: basal epithelial-like, luminal 
epithelial/ER-positive, HER2-overexpressing, 
and normal breast-like (Perou et al., 2000; Sørlie et 
al., 2001; Sotiriou & Pusztai, 2009). The luminal/
ER-positive group might be further subdivided 
(Sotiriou & Pusztai, 2009), although the char-
acterization of these subgroups is still contro-
versial (Ades et al., 2014). The basal intrinsic 
subclass includes a high proportion of cancers 
that are triple-negative (ER-, PR-, and HER2-
negative) (Andre & Pusztai, 2006). However, 
gene expression profiling has some limitations 
(Norum et al., 2014), and no established clinical 
relevance, although several commercial assays 
have emerged (Sinn et al., 2013). The most widely 
adopted to date is the 21-gene assay, which is 
used as a prognostic factor of recurrence in 
patients with ER-positive breast cancer treated 
with hormone therapy, but its cost–effectiveness 
has not been demonstrated (Isola et al., 2013). 
Combined genomic and transcriptomic studies 
have enabled the identification of a broader range 
of molecular subtypes (Curtis et al., 2012), and 
next-generation sequencing (Cancer Genome 
Atlas Network, 2012; Stephens et al., 2012) is 
improving our understanding of the biology and 
molecular genetics of breast cancer. Although at 
present the translation of this knowledge into the 
clinical setting is limited, there is considerable 
evidence that the molecular genetic signatures of 
breast cancer will play an increasing role in its 
clinical management (Balko et al., 2013).
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(c) Natural history of invasive breast 
carcinoma

A very low 15-year survival rate of 5% for 
untreated breast cancer has been reported histor-
ically (Baum, 2013). Survival rates are higher in 
a modern screening setting, in which disease is 
detected early.

Historically, radical mastectomy was the 
treatment of choice, based on the assumption 
that breast cancer spread exclusively to and from 
the regional lymph nodes (Halsted, 1894). This 
approach has been proven ineffective, with high 
rates of metastatic development (Brinkley & 
Haybrittle, 1975). It has been demonstrated that 
breast cancer could also spread via the blood-
stream, early and before symptomatic presenta-
tion, and may thus require systemic adjuvant 
treatment (Fisher et al., 2002). A strong and 
highly significant correlation exists between the 
tumour size at initiation of distant metastasis 
and involvement of the first lymph node, since 
the capacity for lymph-node metastatic spread 
is, on average, acquired much earlier than the 
capacity for systemic metastatic spread (Tubiana 
& Koscielny, 1991; Tabár et al., 1992). Further 
observations have led to the understanding that 
breast cancer has a long natural history and a 
propensity for late recurrence, compared with 
most other types of cancer (Brewster et al., 2008).

It has been shown that some clinically 
undetectable, small breast tumours can shed 
malignant cells with similar characteristics to 
the primary tumour but also with a relatively 
normal karyotype and few chromosomal aber-
rations in common (Schmidt-Kittler et al., 2003), 
supporting the hypothesis of cancer heterogeneity 
and Darwinian biological evolution (Klein, 2009; 
Burrell et al., 2013). These observations may shed 
light on the observed interindividual variability 
of apparently similar forms of breast cancer, as 
well as on the mechanisms of acquired resist-
ance to treatment. Events at the time of surgery 
may have an impact on long-term survival, and 

a bimodal distribution of early and late recur-
rence is seen, possibly due to dormancy (Retsky 
et al., 2008) or surgical dissemination/autonomy 
(Badwe et al., 1999). For example, patients with 
ER-positive tumours have an annual recurrence 
rate of 2% for at least 15 years, even after 5 years 
of adjuvant tamoxifen therapy (Saphner et al., 
1996). Currently, women who have a history of 
invasive breast cancer and who have been treated 
for 5 years with aromatase inhibitors have a risk 
of recurrence in the following 5  years (Early 
Breast Cancer Trialists’ Collaborative Group, 
2001; Cuzick et al., 2010). For this reason, adju-
vant treatment has been extended to 10 years for 
women at high risk of recurrence (Sledge et al., 
2014).

Spontaneous regression of breast cancer is 
exceptionally rare (Larsen & Rose, 1999), and 
although some studies suggest this possibility 
(Kaplan & Porzsolt, 2008; Zahl et al., 2008), their 
conclusions are not widely accepted as valid, given 
multiple methodological issues. The issue of over-
diagnosis, indolence, and/or regression appears 
more compelling for in situ lesions, particularly 
non-high-grade DCIS and ADH. Hospital-based 
and forensic autopsy series of women not known 
to have had breast cancer during their lifetime 
have shown a frequency of 9% of DCIS (Welch & 
Black, 1997; Erbas et al., 2006). However, lesions 
identified in these studies are usually very small, 
low-nuclear-grade lesions and possibly ADH 
rather than established forms of DCIS. Also, a 
high proportion of these occult lesions identified 
histologically during postmortem examinations 
are not diagnosable by mammography and have 
been interpreted as being of questionable clinical 
relevance.

Pathologists use the term “overdiagnosis” 
to mean the incorrect pathological diagnosis 
of cancer, i.e. misdiagnosis or diagnostic error 
(Ellis et al., 2006). Epidemiologists and radiol-
ogists define “overdiagnosis” as the diagnosis of 
a cancer as a result of screening that would not 
have been diagnosed in the patient’s lifetime if 
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screening had not taken place. Under certain 
circumstances, the rate of overdiagnosis can be 
estimated by the excess proportion of cancers 
detected in women undergoing screening, 
compared with women in the non-screened 
control arm of a clinical trial (Kopans et al., 
2011; Puliti et al., 2012). This definition implies 
that a proportion of breast cancers remain static, 
have a very indolent long-term course, or regress 
(Berlin, 2014). As discussed above, the evidence 
for regression remains highly controversial. 
There is compelling evidence that some cancers, 
particularly in situ and invasive low-grade 
hormone receptor-positive lesions, may remain 
indolent and do not progress to clinically rele-
vant disease in a woman’s lifetime. With respect 
to screening, these cancers would more correctly 
be described as “overdetected”. However, in 
most cases it is not currently possible, based on 
mammographic signs, pathological features, or 
biological features, to determine which lesions 
are likely to progress or regress. The question 
of progression versus regression for non-high-
grade forms of DCIS was investigated in two 
randomized trials currently under way: the Low 
Risk DCIS (LORIS) trial (Soumian et al., 2013; 
ISRCTN registry, 2014) and the Low-Risk DCIS 
(LORD) trial (Elshof et al., 2015).

1.2.4 Breast cancer with hereditary and 
somatic mutations

Two high-penetrance genes have been 
identified (BRCA1 and BRCA2) that greatly 
increase the risk of developing breast cancer. 
Among age-matched cases, BRCA1 mutation-re-
lated tumours are significantly different from 
sporadic breast tumours in their histopatholog-
ical appearance and molecular characteristics 
(Lakhani et al., 1998, 2002; Honrado et al., 2006; 
Palacios et al., 2008; van der Groep et al., 2011; 
Vargas et al., 2011), possibly due to the expres-
sion of the basal-like phenotype. Invasive ductal 
carcinoma, not otherwise specified, is the most 

common histological type in both hereditary 
and sporadic breast cancers, although certain 
subtypes do occur more frequently in hereditary 
breast tumours than in sporadic breast tumours. 
BRCA1 mutation-related tumours are frequently 
of histological grade 3 and of medullary-like 
type, characterized by syncytial architecture, 
absence of tubular or glandular structures, 
pushing or circumscribed margins, high nuclear 
grade, and a marked lymphoplasmacytic stromal 
infiltrate. BRCA1-related breast cancers are typi-
cally triple-negative and of basal phenotype or 
basal molecular gene expression class (Lakhani 
et al., 1998, 2002; Vargas et al., 2011; Mavaddat 
et al., 2012). In premenopausal patients 
with tumours of medullary and triple-neg-
ative histology, BRCA1 mutation analysis is 
frequently performed regardless of the family 
history of breast and/or ovarian cancer. The 
specific biological origin of mammary tumours 
in BRCA1 mutation carriers has been revealed 
by messenger RNA (mRNA) expression analyses 
and next-generation sequencing of breast cancer 
tissues (Sørlie, 2004; Stephens et al., 2012).

No consistently defined phenotype has been 
described for patients with BRCA2 familial 
breast cancer, although some reports indicate 
a more frequent occurrence of tubular, lobular, 
and pleomorphic lobular carcinomas (Lakhani 
et al., 1998, 2002; Honrado et al., 2006; Palacios 
et al., 2008; van der Groep et al., 2011; Vargas 
et al., 2011). BRCA2 mutation-related tumours 
show a high frequency of ER positivity, similar 
to sporadic cases, and they are usually HER2-
negative. BRCA2-related tumours are of higher 
grade (grades 2 and 3) than sporadic tumours and 
may show more prominent lymphocytic infiltra-
tion, foci of necrosis, and pushing margins than 
sporadic tumours do. However, these features 
are exhibited less consistently by BRCA2-related 
tumours than are the medullary-like features by 
BRCA1-related tumours.

Both BRCA1-deficient cells and BRCA2-
deficient cells display genomic instability due 
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to impaired DNA repair, but cancers arising in 
BRCA1/2 mutation carriers differ in their char-
acteristics. The pathology and behaviour of 
BRCA1/2-related cancers have been extensively 
studied, and comprehensive review articles are 
available (Lakhani et al., 1998, 2002; Honrado 
et al., 2006; Atchley et al., 2008; Palacios et al., 
2008; van der Groep et al., 2011; Vargas et al., 
2011; Goodwin et al., 2012).

Breast cancers caused by other breast cancer 
susceptibility genes do not seem to differ signif-
icantly from sporadic breast cancers, but the 
numbers studied so far are small (van der Groep 
et al., 2011).

Other reported somatic point mutations, 
such as indels (insertions or deletions of bases), 
may be the consequence of the intrinsic infidelity 
of the DNA replication machinery, of exogenous 
or endogenous mutagen exposures, of enzymatic 
DNA modification, or of defective DNA repair. 
Somatically acquired mutations in triple-negative 
cancers vary extensively among breast tumours 
(Stephens et al., 2012). Integrative pathway anal-
yses, comparing basal-like and luminal tumours, 
have identified hyperactivated FOXM1 as a tran-
scriptional driver of proliferation and have found 
increased MYC and HIF1α/ARNT as key regula-
tors (Kristensen et al., 2012). Integrative pathway 
analysis has also confirmed that loss of RB1 and 
BRCA1 expression are basal-like features.

Combined copy number aberrations and gene 
expression analyses have been used to classify 
and categorize breast cancer, and 10 integrative 
cluster groups have been defined (Curtis et al., 
2012). Most of the triple-negative cancers were 
classified in integrative cluster 10, representing 
the core basal subgroup in this new classification. 
The highest rate of TP53 mutations was found in 
integrative cluster 10, combined with interme-
diate levels of genomic instability, loss of 5q, and 
gains at 8q, 10p, and 12p (Jain et al., 2001; Curtis 
et al., 2012). Loss of 5q has been associated with 
the presence of a TP53 mutation (Jain et al., 2001), 
and a basal-specific gene expression pattern has 

been linked with cell-cycle checkpoint control, 
DNA damage repair, and apoptosis (Dawson et 
al., 2013). Also, triple-negative cancers are char-
acterized by increased lymphocytic infiltration 
(Chappuis et al., 2000).

1.2.5 Summary

(a) Benign breast disease

The vast majority of benign breast lesions, 
which can present symptomatically or be detected 
using breast screening methods including BSE, 
do not appear to develop to breast cancers. They 
are therefore clinically innocent and merit treat-
ment by excision only if causing symptoms, 
otherwise requiring no intervention. In contrast, 
various forms of breast epithelial proliferation 
have been associated with an increased average 
risk of subsequent breast cancer (1.5–2.0-fold for 
usual epithelial hyperplasia and 2.5–4.0-fold for 
atypical hyperplasia).

(b) DCIS

The two forms of non-invasive breast carci-
noma in situ are DCIS and LCIS, each with 
distinctive morphological and behavioural char-
acteristics. The neoplastic cell populations are 
confined within the parenchymal site of origin, 
and the cells do not infiltrate beyond the limiting 
basement membrane. Nuclear grading is the 
recommended method for subclassification of 
DCIS into the categories of high, intermediate, 
and low nuclear grade, but mixed and rare 
subtypes are also recognized.

Both DCIS and LCIS harbour molecular 
alterations and intrinsic molecular subtype 
characteristics that are similar to those of their 
related forms of invasive breast cancer; thus, no 
distinct biological or molecular hallmarks of 
invasive potential have been identified.

The available data on low-grade DCIS show 
that at least 40% of cases progress to invasive 
cancer on long-term follow-up. For ethical 
reasons, only historical data are available for 
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high-grade DCIS, and high rates of progression 
to invasive breast cancer are reported. There 
are no methods available to reliably distinguish 
between cases that will progress and those that 
will not.

DCIS is identified more frequently by 
mammography screening than by clinical 
examination, as small radiodense deposits of 
microcalcification.

(c) Invasive breast carcinoma

Invasive carcinoma of the breast is a malig-
nant tumour, part or all of which penetrates 
the basement membrane of the epithelial site of 
origin (i.e. the duct or lobule).

The vast majority of these tumours are adeno-
carcinomas derived from mammary epithelial 
cells. The morphological appearance of these 
tumours varies widely, and many of the recog-
nized morphological types have specific behav-
ioural, prognostic, and clinical characteristics.

The morphological diversity of invasive 
breast cancer is directly related to the underlying 
molecular genetics. Distinct molecular intrinsic 
subtypes have been identified, including the 
luminal, HER2-overexpressing, and basal-like 
(often triple-negative) classes. Continued devel-
opments in molecular biology techniques will 
provide greater insights into the molecular 
pathology of breast cancer.

Invasive breast cancer may spread via both 
the blood and the lymphatic systems, and may 
progress via regional lymph nodes and systemic 
metastatic spread. The probability that meta-
static spread has occurred is highly correlated 
with tumour size, and the capacity for lymph-
node metastatic spread is, on average, acquired 
earlier than the capacity for systemic metastatic 
spread.

Historical studies of untreated invasive breast 
cancer show poor survival, with progression 
through the development of metastatic disease. 
Reviews of the medical literature indicate that 

confirmed examples of spontaneous regression 
of breast cancer are exceptionally infrequent.

(d) Related issues

When assessed by external quality assurance 
systems, the misclassification of cancer cases by 
pathologists as a cause of overdiagnosis is very 
rare.

In breast screening, overdiagnosis is defined 
as the diagnosis of a cancer as a result of 
screening that would not have been diagnosed in 
the patient’s lifetime if screening had not taken 
place. The biological explanation for this theo-
retical concept remains unclear, but it is widely 
believed to relate to potential indolence of a low 
proportion of breast cancers.

1.3 Risk factors

Although it would be ideal to identify a subset 
of the population from which most cases would 
arise on the basis of established breast cancer 
risk factors, simulations of risk-based screening 
have not confirmed the validity of this approach. 
Screening of 17 543 women led to the conclusion 
that more than 50% of the cases would not have 
been detected if only women with either a previous 
breast biopsy or a family history of breast cancer 
had been screened, and that more than 40% of 
the cases would have been missed if women had 
been selected for screening on the basis of other 
established breast cancer risk factors (Solin et al., 
1984). An analysis of the Edinburgh randomized 
trial similarly reported that if women had been 
selected for screening based on a previous biopsy 
or on a history of breast cancer in a mother or 
sister, only 19.8% of the first-round cancers 
would have been detected (Alexander et al., 
1987). When menopausal status and nulliparity 
or first birth after age 30 years were included as 
high-risk factors, the proportion of first-round 
cases that would have been detected increased 
to 55.6%. Consequently, restricting screening 
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to women with the most established risk factors 
would fail to identify the majority of preva-
lent cancers in an asymptomatic population. 
Madigan et al. reported population attributable 
risk estimates for breast cancer derived using 
data from the United States National Health and 
Nutrition Examination Survey Epidemiologic 
Follow-Up Study (Madigan et al., 1995). Well-
established risk factors, such as later age at first 
live birth, nulliparity, higher family income, and 
family history of breast cancer in first-degree 
relatives, were associated with approximately 
41% of the breast cancer cases in the USA. In the 
Netherlands, retrospective evaluation of a breast 
cancer screening programme showed that only 
63% of the breast cancer cases would have been 
identified if the programme had screened only 
women with at least one established risk factor, 
representing only 37% of the study group (De 
Waard et al., 1988). The authors concluded that 
the “relevance of the high-risk group concept 
in screening for breast cancer is small”. Finally, 
data from a large multicentre case–control study 
in Italy indicated that it would be necessary to 
screen 87% of the population in order to detect 
95% of the cases (Paci et al., 1988). The authors 
concluded that breast cancer risk factors discrim-
inated poorly for selective screening.

In each of these studies, the overall conclusion 
was that breast screening on the basis of selected 
breast cancer risk factors, individually or in 
combination, fails to identify a subset of women 
from which the majority of cases of breast cancer 
are expected to arise. It should also be stressed 
that the greater the complexity of the risk-based 
strategy, the greater the need for a regular risk 
assessment programme to ensure that as risk 
profiles change, women are cycled in and out 
of the programme. This necessity not only adds 
complexity and costs but also adds the potential 
for misspecification. From a public health stand-
point, it appears that the single best strategy for 
breast cancer screening is a simple one, based on 
age-related invitation.

Breast cancer in women, as is the case for most 
cancers, is a multifactorial disease. Its risk factors 
strongly reflect the hormonal etiology; among 
the relevant biological exposures are levels of sex 
steroids, other hormones, and growth factors, 
including estrogens, androgens, prolactin, and 
insulin-like growth factors. Life-course repro-
ductive, anthropometric, and lifestyle factors, 
many of which are prevalent in high-incidence 
countries, are well-established risk factors: early 
menarche, late menopause, later age at first preg-
nancy, nulliparity and low parity, little or no 
breastfeeding, higher body mass index (BMI) at 
postmenopausal ages, and tall stature. Lifestyle 
factors associated with increased risk include 
low physical activity levels, alcohol consump-
tion, certain exogenous hormone therapies, and 
exposure to ionizing radiation. Breast density, 
history of benign breast disease, and family 
history of cancer are also linked to an increased 
risk of breast cancer. Also, a small proportion of 
breast cancers are hereditary, and specific genetic 
mutations have been identified.

In the following sections, breast cancer risk 
factors are broadly grouped into: hormonal 
and reproductive factors (Section  1.3.1), life-
style factors and environmental exposures 
(Section  1.3.2), and risk factors that are not 
modifiable (Section 1.3.3). Exposure to ionizing 
radiation is described in Section  1.3.4, and 
genetic factors are described in Section  1.3.5. 
Population attributable fractions to known risk 
factors in different settings are summarized in 
Section 1.3.6. Table 1.4 presents the magnitude 
of relative risks for breast cancer associated with 
these risk factors.

1.3.1 Hormonal and reproductive factors

(a) Age at menarche

Women who have had an early menarche 
have higher breast cancer incidence rates. This 
association has been consistently observed across 
ethnic groups and countries. A collaborative 
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Table 1.4 Magnitude of relative risk for breast cancer associated with established risk factors

Risk factor Categories RR (95% confidence 
interval)

Reference

Hormonal and reproductive factors
Age at menarche (years) 11 1.0 (reference) Colditz et al. (2000)
  15 0.69 (0.65–0.74)  
Parity Nulliparous 1.0 (reference)  

Parous 1.26 (1.10–1.44)
Age at first full-term 
pregnancy (years)

20 0.73 (0.63–0.86)  

  30 1.16 (0.96–1.41)  
Breastfeeding Per 12 months of total 

breastfeeding
0.96 (0.94–0.97) Collaborative Group on Hormonal 

Factors in Breast Cancer (2002)
Age at menopause (years) 45 1.0 (reference) Colditz et al. (2000)
  55 1.44 (1.26–1.64)  
Type of menopause Natural 1.0 (reference)  
  Bilateral oophorectomy 0.89 (0.80–0.98)  
Postmenopausal hormone 
use

None 1.0 (reference) IARC (2012a)

  Estrogen onlya 1.18 (1.08–1.30)  
  Combined estrogen–

progestogena for > 5 years
1.63 (1.22–2.18)  

Lifestyle factors
Alcohol consumption Per 12 g/day 1.12 (1.09–1.14) Allen et al. (2009), WCRF/AICR (2010), 

IARC (2012b)
  Premenopausal 1.09 (1.01–1.17)  
  Postmenopausal 1.08 (1.05–1.10)  
Tobacco smoking (pack–
years)

≥ 20 1.28 (1.17–1.39) IARC (2012b), Warren et al. (2014)

Weight increase (per 
5 kg/m2 increase in BMI)

Postmenopausal 1.12 (1.08–1.16) WCRF/AICR (2010)

  Premenopausal 0.92 (0.88–0.97)  
Physical activity, high vs 
low (METs)

Premenopausal 0.87 (0.84–0.92) WCRF/AICR (2010), Chlebowski (2013), 
Wu et al. (2013)

  Postmenopausal 0.77 (0.72–0.84)  
  Moderate physical activity 

(3–5.9 METs)
0.81 (0.72–0.92)  

Non-modifiable factors
Height (per 5 cm increase) Premenopausal 1.09 (1.05–1.14) WCRF/AICR (2010)
  Postmenopausal 1.11 (1.09–1.13)  
  Any age 1.03 (1.01–1.04)  
Age (years) < 50 1.0 (reference) Anderson et al. (2006)
  50–59 6.6 (6.5–6.7)  
  60–69 9.2 (9.1–9.3)  
  70–79 11.1 (10.9–11.2)  
  ≥ 80 10.1 (10.0–10.3)  
Benign breast disease No 1.0 (reference) Colditz et al. (2000), Lakhani et al. (2012)
  Non-epithelial proliferative 

hyperplasia
1.57 (1.43–1.73)  
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pooled analysis demonstrated that each 1-year 
delay in menarche is associated with a reduc-
tion of approximately 5.0% (95% confidence 
interval [CI], 4.4–5.7%) in risk of breast cancer 
(Collaborative Group on Hormonal Factors in 
Breast Cancer, 2012).

(b) Parity

In general, nulliparous women have a higher 
risk of breast cancer (up to 2-fold increase) 
compared with parous women. It has been 
observed that parous women have a temporarily 
increased risk of breast cancer up to 15  years 
after childbirth; thereafter, the risk declines to 
below that of nulliparous women (Lambe et al., 
1994). Each birth is associated with an average 
long-term reduction of 7% in the relative risk of 
breast cancer (Collaborative Group on Hormonal 
Factors in Breast Cancer, 2002).

(c) Age at first full-term pregnancy

Women who have their first full-term preg-
nancy at a younger age have a lower risk of 
breast cancer. Women aged 30  years or older 
at their first full-term pregnancy have consist-
ently been shown to have a short-term increased 
risk of breast cancer, with relative risks ranging 

between 1.2 and 2.3, compared with women 
younger than 20  years at their first full-term 
pregnancy (MacMahon et al., 1973; Trichopoulos 
et al., 1983; Bruzzi et al., 1985; Gail et al., 1989; 
Ewertz et al., 1990; Harris et al., 1992; Madigan 
et al., 1995; Nagata et al., 1995; Byrne & Harris, 
1996; Colditz et al., 2000; Wohlfahrt & Melbye, 
2001; Tamakoshi et al., 2005; Washbrook, 2006; 
Iwasaki et al., 2007; Pike et al., 2007; Iwasaki & 
Tsugane, 2011; Kobayashi et al., 2012).

(d) Breastfeeding

Women who have breastfed their children 
have a reduced risk of breast cancer at both 
premenopausal and postmenopausal ages. At an 
equal number of full-term pregnancies, breast 
cancer risk decreases by approximately 4.3% 
(95% CI, 2.9–5.8%) for every 12 months of breast-
feeding, whether consecutive or not, compared 
with women who never breastfed (Collaborative 
Group on Hormonal Factors in Breast Cancer, 
2012). This protective effect cumulates with the 
effect of parity. The meta-analysis performed by 
the World Cancer Research Fund estimated the 
decreased breast cancer risk per 5 months of total 
breastfeeding to be 2% (pooled odds ratio, 0.98; 
95% CI, 0.97–0.98) (WCRF/AICR, 2010).

Risk factor Categories RR (95% confidence 
interval)

Reference

  Common epithelial 
hyperplasia

1.5–2.0  

  Atypical epithelial 
hyperplasia

2.5–4.0  

Breast density Dense area, mean: 
59.92–201.49 cm2

1.57 (1.18–1.67) Chiu et al. (2010)

Ionizing radiation
Radiation exposure     See Table 1.6
Family and personal history of breast cancer See also Section 1.3.5
Mother’s age (years) at 
breast cancer

< 50 2.69 (2.29–3.15) Anderson et al. (2000)
≥ 50 1.88 (1.73–2.03)

a  Used continuously from age 50–60 years.
BMI, body mass index; CI, confidence interval; METs, metabolic equivalents; RR, relative risk.

Table 1.4   (continued)
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(e) Age at menopause

Later age at menopause (≥55  years vs 
≤45  years) is associated with an increased risk 
of breast cancer (1.9-fold vs 1.1-fold increased 
risk). Among women with natural menopause at 
age 55 years, the incidence is twice that among 
women with natural menopause at age 45 years 
(typically, relative risk [RR], 1.5 vs 0.7) and 3 times 
that among women with bilateral oophorectomy 
and menopause at age 35 years (RR, 0.4) (Harris 
et al., 1992; Kelsey & Bernstein, 1996; Colditz 
& Rosner, 2000; Iwasaki et al., 2007; Pike et al., 
2007; Iwasaki & Tsugane, 2011). Each 1-year 
delay in the onset of menopause corresponds to 
an increase of approximately 3% in risk of breast 
cancer (Collaborative Group on Hormonal 
Factors in Breast Cancer, 1997; Cuzick, 2003; 
Washbrook, 2006), and each 5-year delay corre-
sponds to an increase of 17% (95% CI, 1.11–1.22) 
in risk of breast cancer (Hsieh et al., 1990).

(f) Endogenous hormones

Among postmenopausal women, those with 
high blood levels of both estrogens and andro-
gens have almost double the risk of breast cancer 
compared with those with low blood levels (Key 
et al., 2002; Missmer et al., 2004; Kaaks et al., 
2005). The major known determinant of endog-
enous estrogen levels in postmenopausal women 
is BMI (estrogen levels in obese postmenopausal 
women are more than twice those in slender post-
menopausal women), and this appears to largely 
explain the observed association (Key et al., 
2003). Among premenopausal women, it is more 
difficult to estimate the breast cancer risk related 
to the levels of endogenous sex hormones, mainly 
because of the large variations in hormone levels 
across the menstrual cycle. However, high blood 
estrogen levels in premenopausal women have 
been reported to be associated with an increase 
of approximately 40% in breast cancer risk (Key 
et al., 2013). High blood levels of insulin-like 
growth factor 1 (IGF-1) are associated with an 

increase of approximately 30% in breast cancer 
risk in both premenopausal and postmenopausal 
women (Key et al., 2010), and high blood levels 
of prolactin are associated with an increase of 
approximately 30% in breast cancer risk in post-
menopausal women (Tworoger et al., 2013; Tikk 
et al., 2014).

(g) Use of oral contraceptives

The use of combined estrogen–progestogen 
oral contraceptives causes breast cancer (IARC, 
2012a). After 10 years of use of oral contracep-
tives, the relative risk is 1.24 (95% CI, 1.15–1.33) 
among current users, and it decreases with time 
since stopping the use of oral contraceptives. No 
significant excess risk of breast cancer has been 
observed 10 years or more after stopping the use 
of oral contraceptives. In general, the duration 
of use, the age at first use, and the dose and type 
of hormone within the oral contraceptives have 
not shown any additional effect on breast cancer 
risk (Collaborative Group on Hormonal Factors 
in Breast Cancer, 1996). The risk is particularly 
increased among current users with benign 
breast disease, or among users younger than 
20  years (RR, 1.63; 95% CI, 1.02–2.62) (IARC, 
2012a).

(h) Use of hormonal menopausal therapy

The use of estrogen–progestogen hormone 
replacement therapy (HRT) increases the risk 
of developing breast cancer. The relative risk 
is less than 2 for long-term users (≥ 5 years) or 
high-dose users (IARC, 2012a; Chlebowski et 
al., 2013; de Villiers et al., 2013b), but is already 
significantly increased (odds ratio [OR], 1.35; 
95% CI, 1.16–1.57) after less than 5 years of use 
(Shah et al., 2005). In long-term users (> 5 years), 
the risk is still increased several years after stop-
ping the use of HRT (hazard ratio for 5–10 years 
after stopping, 1.34; 95% CI, 1.04–1.73) (Fournier 
et al., 2014). Overall, the increase in risk is esti-
mated to be 2% for each additional year of use. 
The association is clearer in slender women 
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than in obese women (Collaborative Group on 
Hormonal Factors in Breast Cancer, 1997; Beral 
et al., 2005; Pike et al., 2007). A decreased breast 
cancer risk with estrogen-only menopausal 
therapy was observed among women who had 
undergone a hysterectomy (Stefanick et al., 2006). 
The trend for decreased breast cancer incidence 
among women aged 50 years and older observed 
in some countries (see Section 1.1) may be related 
to a reduction in use of HRT (Antoine et al., 
2014), although this remains a complex issue (de 
Villiers et al., 2013a).

It appears that the effects of HRT on a woman’s 
risk of breast cancer depend greatly on her BMI. 
Treatment with estrogen (conjugated equine 
estrogen at 0.625 mg/day) for 5 years has an esti-
mated effect of increasing breast cancer risk by 
30% in women with a BMI of 20 kg/m2 and by 8% 
in women with a BMI of 30 kg/m2. In contrast, 
use of combined estrogen–progestin therapy 
(medroxyprogesterone acetate at 2.5  mg/day) 
for 5 years is estimated to increase risk of breast 
cancer by 50% in women with a BMI of 20 kg/m2 
and by 26% in women with a BMI of 30 kg/m2. 
With use at a higher dose (medroxyprogesterone 
acetate at 10 mg/day) for 5 years, the estimated 
increase in breast cancer risk is 59% and 34%, 
respectively (Pike et al., 2007).

When comparing continuous versus sequen-
tial combined therapy, the risk estimates per 
5-year use are of 1.20 (95% CI, 1.01–1.44) 
for continuous therapy and of 1.32 (95% CI, 
1.11–1.56) for sequential therapy in women in the 
USA; for women in Europe, the breast cancer risk 
increases by 88% for continuous therapy (RR, 
1.88; 95% CI, 1.61–2.21) and by 40% for sequential 
therapy (RR, 1.40; 95% CI, 1.19–1.64) (Lee et al., 
2005). The observed differences in risk between 
women in the USA and Europe may be explained 
by different treatment regimens and differences 
in women’s BMI (Pike et al., 2007).

Whereas using percutaneous estradiol with 
or without micronized progesterone did not seem 
to increase breast cancer risk, a combination of 

estrogens with synthetic progestogens seemed to 
increase it by 40–50% (RR, 1.4; 95% CI, 1.2–1.7) 
(Fournier et al., 2005), except with dydroges-
terone (Fournier et al., 2009).

(i) Other hormonal treatment

Women exposed to diethylstilbestrol while 
pregnant have an increased risk of breast cancer 
(IARC, 2012a).

1.3.2 Lifestyle factors and environmental 
exposures

(a) Alcohol consumption

Alcohol consumption is carcinogenic to 
humans (Group 1) and causes cancer of the 
female breast (IARC, 2012b). There is convincing 
evidence that the consumption of alcoholic 
beverages increases the incidence of breast 
cancer in both premenopausal and postmeno-
pausal women, irrespective of the type of alco-
holic beverage. Compared with not consuming 
any alcohol, the consumption of three or more 
alcoholic drinks per day is associated with an 
increase of 40–50% in breast cancer risk (Seitz 
et al., 2012). A linear exposure–response rela-
tionship is apparent, and the risk increases by 
10% (RR, 1.10; 95% CI, 1.06–1.14) for each 10 g/
day (WCRF/AICR, 2007). Even at low levels of 
alcohol consumption (1 drink/day, ~12.5  g of 
ethanol/drink, ~0.8 g of ethanol/mL), a signifi-
cant association with breast cancer risk is seen 
(RR, 1.05; 95% CI, 1.02–1.08) (Bagnardi et al., 
2013; Scoccianti et al., 2014). No threshold of 
consumption has been identified, and there is 
robust evidence for mechanisms of alcohol-asso-
ciated carcinogenesis in humans (WCRF/AICR, 
2007).

(b) Tobacco smoking

Although the evidence that tobacco smoking 
increases breast cancer risk is limited, several 
subgroup analyses support that smoking at early 
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ages (before the first full-term pregnancy) and 
smoking for several decades do increase the 
risk (Secretan et al., 2009; IARC, 2012b). The 
2014 United States Surgeon General’s report 
concluded that “the evidence is suggestive but not 
sufficient to infer a causal relationship between 
active smoking and breast cancer” (Warren et 
al., 2014). The report noted that several epidemi-
ological issues may prevent the assessment of an 
association between active smoking and breast 
cancer risk, including: (i)  timing of exposure 
at early ages and/or long duration of smoking, 
(ii) potential confounding or effect modification, 
and (iii) the exact definition of the outcome (e.g. 
ER-positive breast cancer).

(c) Overweight, obesity, and change in body 
weight

There are consistent epidemiological data 
that support an inverse exposure–response 
relationship (protective effect) between high 
body fat and risk of breast cancer in premeno-
pausal women, with a clear exposure–response 
relationship (IARC, 2002; WCRF/AICR, 2007, 
2010). In contrast, increased abdominal fat and 
weight gain in adulthood are associated with an 
increased risk of developing postmenopausal 
breast cancer (RR, 1.19; 95% CI, 1.10–1.28 per 0.1 
increment in waist-to-hip ratio; RR, 1.05; 95% CI, 
1.04–1.07 per 5 kg weight gain), whereas higher 
birth weight is associated with an increased risk 
of premenopausal breast cancer (RR, 1.08; 95% 
CI, 1.04–1.13) (WCRF/AICR, 2007). The global 
burden of postmenopausal breast and corpus 
uteri cancers attributed to excess BMI is estimated 
at 221 000 cases and is concentrated in countries 
with very high and high HDI compared with 
countries with medium and low HDI (Arnold et 
al., 2015).

(d) Physical activity

Overall, results from prospective studies 
suggest that increased physical activity has a 
protective effect for both premenopausal and 

postmenopausal breast cancer. The evidence 
for postmenopausal breast cancer appears to 
be stronger than that for premenopausal breast 
cancer, but there is some heterogeneity in the 
exposure–response relationship depending on 
the study design. There are few data regarding 
the effects of frequency, duration, or intensity 
of activity on breast cancer risk (WCRF/AICR, 
2007, 2010; Chlebowski, 2013; Wu et al., 2013).

1.3.3 Non-modifiable risk factors

(a) Height

Overall, there is abundant and consistent 
evidence of a clear exposure–response relation-
ship and of plausible mechanisms in humans of 
the association between height and breast cancer 
risk. The World Cancer Research Fund reported 
that factors leading to greater adult attained 
height are associated with an increased risk of 
breast cancer in both premenopausal and post-
menopausal women (RR, 1.03; 95% CI, 1.01–1.04 
per 5 cm increase in height) (WCRF/AICR, 2010).

(b) Age

In many populations, breast cancer inci-
dence rates appear to increase rapidly before 
age 50 years and generally flatten in later years 
(see Section  1.1). Data from the Surveillance, 
Epidemiology, and End Results (SEER) Program 
of the United States National Cancer Institute 
show that at postmenopausal ages, incidence 
rates of ER-positive breast cancer continue to 
increase, whereas those for more-aggressive, 
earlier-onset ER-negative breast cancer reach a 
plateau or decline (Anderson et al., 2006). Breast 
cancer shows an age–incidence pattern for ER 
expression, and relative risks compared with 
women younger than 50  years increase 6-fold 
at ages 50–59  years and up to 10-fold at ages 
70 years and older (Anderson et al., 2006).
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(c) Benign breast disease

The majority of benign breast conditions 
are non-proliferative lesions with no associated 
increased risk of subsequent development to breast 
cancer. However, usual epithelial hyperplasia is 
associated with a 1.5–2.0-fold increased risk, and 
atypical hyperplasia, both ductal and lobular, 
with a 2.5–4.0-fold increased risk (London et al., 
1992; Dupont et al., 1993; Fitzgibbons et al., 1998; 
Colditz et al., 2000; Lakhani et al., 2012).

(d) Breast density

Breast density, commonly referred to as 
“mammographic density”, is the relative compo-
sition of mammary collagen-rich stromal tissues 
in the breast, as opposed to the lower-den-
sity adipose tissue. The American College of 
Radiology Breast Imaging Reporting and Data 
System (BI-RADS) has visually estimated and 
classified breast density into the following cate-
gories of increasing area density: category 1, 
< 25% (almost entirely fatty); category 2, 25–50% 
(scattered fibroglandular densities); category 

3, 51–75% (heterogeneously dense); category 4, 
>  75% (extremely dense) (see Table  1.5 for the 
distribution of breast density by age group and 
cancer status; Lazarus et al., 2006; Kerlikowske 
et al., 2007). These categories serve during the 
routine interpretation of mammography and are 
measured on a mammogram as the percentage of 
the projected breast area that is radiodense (radi-
opaque), known as “percent mammographic 
density” (Boyd et al., 2005; McCormack & dos 
Santos Silva, 2006; Boyd et al., 2007; Chiu et al., 
2010; Pike & Pearce, 2013).

Mammographic density appears to be corre-
lated with several other breast cancer risk factors, 
including genetic predisposition (Becker & 
Kaaks, 2009; Boyd et al., 2009) and genetic poly-
morphisms (Dumas & Diorio, 2010; Lindström 
et al., 2011; Peng et al., 2011). Although after 
adjusting for other risk factors, mammographic 
density appears to remain independently asso-
ciated with breast cancer risk (Pettersson et al., 
2014), at present it has not proven to be a valuable 

Table 1.5 Distribution of breast density on first and last screening mammography, by age group, 
for women without and with breast cancer diagnosed after the most recent or last screening 
mammography

Age (years) BI-RADS category No breast cancer (%) Breast cancer patients (%)

    First screen Last screen First screen Last screen

40–49 1 4.9 4.8 0.9 1.3
  2 36.1 35.6 27.2 24.7
  3 44.6 47.6 49.6 57.1
  4 14.5 12.1 22.3 16.8
50–59 1 10.5 10.4 4.3 3.6
  2 49.1 49.8 45.8 47.3
  3 34.5 35.3 44.0 43.4
  4 6.0 4.5 5.9 5.7
60–69 1 16.8 14.4 11.5 7.6
  2 57.2 56.4 58.2 56.8
  3 23.5 26.8 27.2 33.5
  4 2.5 2.4 3.2 2.1
BI-RADS, American College of Radiology Breast Imaging Reporting and Data System.
Adapted from Kerlikowske et al. (2007). Longitudinal measurement of clinical mammographic breast density to improve estimation of breast 
cancer risk, Journal of the National Cancer Institute, volume 99, issue 5, pages 386–395, by permission of Oxford University Press.
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component for modelling and predicting breast 
cancer risk (Barlow et al., 2006; Tice et al., 2008).

An important effect of mammographic 
density is the risk of a false-negative mammog-
raphy finding due to the masking effect of dense 
tissue (Boyd et al., 2007). The effect of density on 
the sensitivity of mammographic screening is 
discussed and quantified in Section 2.1.9.

1.3.4 Ionizing radiation

Exposure to ionizing radiation is a well-estab-
lished risk factor for breast cancer, as concluded 
by several international committees (National 
Research Council, 2006; INSERM, 2008; 
UNSCEAR, 2010, 2013; IARC, 2012c). Knowledge 
about radiation-related risk of breast cancer in 
women is derived mainly from studies of atomic 
bomb survivors, women exposed to diagnostic 
radiation, and patients exposed during therapy 
for benign disease or for cancer, mainly during 
childhood. Other useful information about the 
radiation-related risk of the general population 
derives from studies of occupationally exposed 
workers, such as medical workers (Table  1.6). 
The huge amount of evidence of an exposure–
risk relationship comes from epidemiological 
studies of various populations, age groups, and 
exposure conditions (Ronckers et al., 2005; Telle-
Lamberton, 2008). In summary, the majority of 
studies indicate that breast cancer may be induced 
after radiation exposure of women younger than 
40 years. Studies of atomic bomb survivors or of 
patients medically exposed show very low or no 
risk from exposure after that age.

(a) Atomic bomb survivors

Regularly updated analyses of incidence and 
mortality in the Life Span Study of Japanese 
atomic bomb survivors have enabled detailed 
studies of the consequences of exposure received 
at one time and at a high exposure rate over a 
population exposed at various ages (Land et al., 
2003; Preston et al., 2007; Ozasa et al., 2012). The 

dose–response for breast cancer risk is signifi-
cant, is among the highest compared with other 
cancer sites, and is consistent with a statistical 
model in which the excess risk of breast cancer 
is proportional to the radiation dose received 
(the so-called linear, no-threshold model). An 
important and significant effect of age at expo-
sure is observed, with a higher risk for women 
exposed before age 20 years, a less-increased risk 
for women exposed after age 40 years, and a not 
measurably increased risk for women exposed 
after age 50 years. Although it is challenging to 
separate the role of age at exposure from the role 
of attained age (or age at observation for risk), 
it is necessary to calculate the radiation-associ-
ated breast cancer risk, and this has enabled the 
identification of an early-onset group of women 
at high risk (before age 35  years). The general 
conclusions are similar whether based on inci-
dence or on mortality studies.

(b) Women exposed for medical monitoring

Other informative studies are from women 
exposed for diagnostic purposes, as during fluo-
roscopic examinations of pulmonary tubercu-
losis. An incidence study was conducted in the 
USA (Boice et al., 1991) and a mortality study 
was conducted in Canada (Howe & McLaughlin, 
1996). The doses to the breast were moderate 
but fractionated at a high dose rate and received 
at a mean age of 25  years, resulting in signifi-
cant dose–response relationships. The estimated 
excess risks observed in studies of women 
undergoing multiple radiological examinations 
for spine deformities were similarly high and 
suggested a higher carcinogenic effect of radi-
ation among women with a family history of 
breast cancer (Doody et al., 2000; Ronckers et 
al., 2008, 2010). The modifying effect of stage of 
reproductive development at exposure was not 
found to be significant. Overall, the excess risk 
of fractionated exposure is similar to the excess 
risk of acute exposure, such as that received by 
atomic bomb survivors.
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Table 1.6 Epidemiological studies on radiation exposure and risk of breast cancer in women

Reference Exposed population (size; 
number of breast cancer cases/
deaths)

Country Exposure type Exposure rate Average 
dose (Gy)

ERR/Gy (95% CI) 
Main conclusion

Atomic bomb survivors
Land et al. 
(2003), Preston 
et al. (2007)

Female atomic bomb survivors 
(70 000; 1060)

Japan Gamma, 
neutron

Acute exposure 
at low doses

0.28 0.87 (0.55–1.30) at age 30 years. 
Linear dose–response relationship; 
−19% (−33% to 4%) change by 10-year 
increment of age at exposure

Ozasa et al. 
(2012)

Atomic bomb survivors 
(51 000; 320)

Japan Gamma, 
neutron

Acute exposure 
at low doses

0.28 1.50 (0.93–2.30) 
−45% (−67% to −17%) change by 10-
year increment of age at exposure

Medical monitoring
Boice et al. 
(1991)

Women monitored for 
tuberculosis (2500; 150)

USA X-rays 
(radiography, 
fluoroscopy)

Fractionated 
moderate dose 
rate

0.79 0.61 (0.30–1.01) 
Included in Preston et al. (2002)

Howe & 
McLaughlin 
(1996)

Women monitored for 
tuberculosis (32 000; 680)

Canada X-rays 
(radiography, 
fluoroscopy)

Fractionated 
moderate dose 
rate

0.89 Sv 0.90 (0.55–1.39) ERR/Sv at age 15 years 
Strong dose–response relationship 
Modification by age at exposure

Doody et 
al. (2000), 
Ronckers et al. 
(2010)

Children and adolescents 
monitored for scoliosis (5000; 
110)

USA Chest X-rays Various low 
dose rates

0.26 3.90 (1.00–9.30)

Ronckers et al. 
(2008)

Children and adolescents 
monitored for scoliosis (3000; 
80)

USA Chest X-rays Various low 
dose rates

0.13 2.86 (−0.07 to 8.62) 
Excess only in group with family 
history of breast cancer 
No modification by stage of 
reproductive development at exposure

Radiotherapy for benign disease
Shore et al. 
(1986)

Women with postpartum 
mastitis (600; 50)

USA X-rays Fractionated 
high dose rate

3.8 3.20 (2.30–4.30)

Mattsson et al. 
(1993, 1995)

Women with breast disease 
(1200; 280)

Sweden X-rays Fractionated 
high dose rate

5.8 1.63 (0.77–2.89)

Hildreth et al. 
(1989), Adams 
et al. (2010)

Infants irradiated for treatment 
of thymus hypertrophy (1200; 
100)

USA X-rays Fractionated 
moderate dose 
rate

0.71 1.10 (0.61–1.86)

Lundell et 
al. (1999), 
Eidemüller et 
al. (2009)

Children irradiated 
for treatment of skin 
haemangioma (17 000; 680)

Sweden Gamma Protracted low 
dose rate

0.29 0.25 (0.14–0.37)
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Reference Exposed population (size; 
number of breast cancer cases/
deaths)

Country Exposure type Exposure rate Average 
dose (Gy)

ERR/Gy (95% CI) 
Main conclusion

Radiotherapy for breast cancer
Storm et al. 
(1992)

Women treated by 
radiotherapy, mainly at or after 
menopause (56 500; 529)

Denmark X-rays High dose rate 2.51 1.04 (0.74–1.46)

Boice et al. 
(1992)

Women treated by 
radiotherapy, mainly at or after 
menopause (41 000; 650)

USA X-rays High dose rate 2.82 1.59 (1.07–2.36) at age < 45 years 
Significant exposure–response only for 
women treated at age < 45 years

Survivors of childhood cancer
van Leeuwen et 
al. (2000, 2003)

Children treated for Hodgkin 
lymphoma (1200; 50)

Netherlands Mantle chest 
radiotherapy

Several 
fractions of 
very high dose 
rate

38 0.06 (0.01–0.45) 
Further risk reduction for women 
treated after age 30 years, and for 
women also receiving chemotherapy

Travis et al. 
(2003), Hill et 
al. (2005)

Children treated for Hodgkin 
lymphoma (3800; 105)

Denmark, Finland, 
Netherlands, 
Sweden, USA

Mantle chest 
radiotherapy

Several 
fractions of 
very high dose 
rate

25 0.15 (0.04–0.73) 
Higher risk for higher doses 
No modifying effect of time since 
radiotherapy 
No strong conclusion on modifying 
factors

Guibout et al. 
(2005)

Children treated for cancer at 
different sites (1300; 16)

France, United 
Kingdom

External beam 
radiotherapy

Several 
fractions of 
high dose rate

5.1 0.13 (< 0–0.75) 
High risk for survivors of Hodgkin 
lymphoma 
No effect of age at first cancer

Reulen et al. 
(2011)

Children treated for cancer at 
different sites (18 000; 100)

United Kingdom External beam 
radiotherapy

Several 
fractions of 
moderate to 
high dose rate

NA SIR, 2.2 (1.8–2.7)

Kenney et 
al. (2004), 
Friedman et al. 
(2010)

Children treated for cancer at 
different sites (6000; 200)

USA External beam 
radiotherapy

Several 
fractions of 
moderate to 
high dose rate

NA SIR, 9.8 (8.4–11.5) 
Larger excess of breast cancer for 
survivors of Hodgkin lymphoma 
Increased risk when family history of 
breast cancer 
No modifying effect of reproductive 
and menstrual histories

Table 1.6   (continued)
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Reference Exposed population (size; 
number of breast cancer cases/
deaths)

Country Exposure type Exposure rate Average 
dose (Gy)

ERR/Gy (95% CI) 
Main conclusion

Moskowitz et 
al. (2014)

Children treated for cancer at 
different sites (1200; 170)

Canada, USA External beam 
radiotherapy

Several 
fractions of 
high to very 
high dose rate

14 SIR, 30.6 (18.4–50.7) for radiation to 
chest 
Large excess risks of breast cancer 
whatever type of radiotherapy 
Higher risk for mantle field and whole-
lung field therapies

Lange et al. 
(2014)

Children treated for Wilms 
tumour (2500, 28)

Canada, USA Chest 
radiotherapy

Several 
fractions of 
high dose rate

12 14.8% (8.7–24.5%) at age 40 years 
Large excess of breast cancer

Pooled analysis
Preston et al. 
(2002)

Atomic bomb survivors, 
women with tuberculosis, 
women with postpartum 
mastitis, women with benign 
breast disease, children 
with thymus hypertrophy, 
and children with skin 
haemangioma (77 500; 1500)

Japan, Sweden, USA X-rays, 
gamma, 
neutron

Acute and 
fractionated 
low to high 
dose rate

0.2–5.8 0.86 (0.7–1.04) 
Linear dose–response relationship, 
flattening at high doses 
−45% change by 10-year increase of 
age at exposure 
Similar risks for acute and fractionated 
rate

Occupational exposure – medical and radiation workers
Sigurdson et al. 
(2003), Doody 
et al. (2006)

Radiologists and radiological 
technologists (56 600; 1050)

USA X-rays Protracted very 
low dose rate

~100 mSv/
yr before 
1940

2.9 (1.3–6.2) for women exposed 
before 1935 
2.6 (1.3–5.1) for women exposed before 
age 17 years

Mohan et al. 
(2002), Liu et 
al. (2014)

Radiologists and radiological 
technologists (69 500; 520)

USA X-rays Protracted low 
to moderate 
dose rate

NA HR, 2.51 (1.24–5.05) for women 
exposed before the 1940s 
Decline in breast cancer mortality 
with increasing number of times 
technologists held patient for X-ray

Muirhead et al. 
(2009)

Radiation workers (17 500; 150 
cases/60 deaths)

United Kingdom X-rays, gamma Protracted very 
low dose rate

0.02 Sv ERR/Sv 
Mortality, 2.28 (< 0–38.2) 
Incidence, −0.23 (< 0–18.1)

Table 1.6   (continued)
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Reference Exposed population (size; 
number of breast cancer cases/
deaths)

Country Exposure type Exposure rate Average 
dose (Gy)

ERR/Gy (95% CI) 
Main conclusion

Buitenhuis et 
al. (2013)

Workers occupationally 
exposed to radiation (3000; 
1200)

Australia Occupational 
external 
radiation

Protracted very 
low dose rate

NA OR, 1.16 (0.86–1.57)

Hammer et al. 
(2014)

Airline flight crews (44 700; 
200)

Denmark, Finland, 
Germany, Greece, 
Iceland, Italy, 
Norway, Sweden, 
United Kingdom, 
USA

Cosmic 
radiation

Protracted very 
low dose rate

~2–6 mSv/
yr

SMR, 1.06 (0.89–1.27)

CI, confidence interval; ERR/Gy (Sv), dose-specific excess relative risk per Gy (per Sv); Gy, gray; HR, hazard ratio; NA, not applicable; OR, odds ratio; SIR, standardized incidence ratio; 
SMR, standardized mortality ratio; Sv, Sievert; yr, year or years.

Table 1.6   (continued)
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(c) Women irradiated for benign disease

The risk of breast cancer after radiotherapy 
for treatment of benign diseases has been esti-
mated mainly among women treated for post-
partum mastitis (Shore et al., 1986) or for benign 
breast disease (Mattsson et al., 1993, 1995), 
and among children treated for thymus hyper-
trophy (Hildreth et al., 1989; Adams et al., 2010) 
or for skin haemangioma (Lundell et al., 1999; 
Eidemüller et al., 2009). The doses were low to 
moderate but were received at a fractionated 
high dose rate, except for the skin haemangioma 
study. All these studies overall reported signifi-
cant excess risks of breast cancer. The mean age 
at exposure of women treated for postpartum 
mastitis was 26  years and for benign breast 
disease was 40 years, but in these two studies no 
effect of age at exposure was observed. Infants 
treated for thymus hypertrophy were exposed 
mainly before age 1 year, and an excess risk of 
breast cancer was still observed after a mean 
follow-up of 57  years (Adams et al., 2010). In 
children treated for haemangioma, who were 
exposed at low doses and at a low dose rate, the 
estimated dose–response was lower but signifi-
cant (Eidemüller et al., 2009).

(d) Women irradiated for breast cancer

Two studies were conducted on the risk of 
contralateral cancer associated with radiotherapy 
for breast cancer (Boice et al., 1992; Storm et 
al., 1992). The study in Denmark was mostly of 
perimenopausal or postmenopausal women and 
reported little evidence of radiation-induced 
contralateral breast cancer at low doses (Storm 
et al., 1992). The study in the USA reported an 
excess risk that was significant only for women 
treated before age 45  years (Boice et al., 1992). 
These two studies concluded that radiotherapy 
for breast cancer, at average radiation doses of 
2.8 Gy and after age 45 years, contributes little, if 
at all, to the risk of a second cancer in the oppo-
site breast.

(e) Survivors of childhood cancer

Cohorts of survivors of childhood cancer 
in the United Kingdom and the USA who were 
treated by X-ray radiotherapy with moderate to 
very high doses of chest radiation, targeted to 
mantle and modified mantle fields, mediastinum, 
lung, and chest (Henderson et al., 2010) exhibit 
a much higher risk of developing breast cancer 
compared with the general population (Kenney 
et al., 2004; Friedman et al., 2010; Reulen et 
al., 2011). The excess risk of breast cancer was 
consistently higher among survivors of Hodgkin 
lymphoma, mainly because they received higher 
exposure (Henderson et al., 2010). Two pooled 
studies (Guibout et al., 2005; Moskowitz et al., 
2014) reported similar increased risks and gave 
detailed results either by radiation field or by 
radiation dose. A significant increase in risk of 
breast cancer was observed in the pooled cohort 
from France and the United Kingdom, with each 
Gray unit received by any breast increasing the 
excess relative risk by 0.13 (95% CI, < 0.0–0.75) 
(Guibout et al., 2005). Higher risks for mantle-
field therapy (very high doses) and whole-lung-
field therapy (large volume of radiation) were 
reported among women in Canada and the USA 
treated for cancer during childhood (Moskowitz 
et al., 2014). Female survivors of Wilms tumour 
who had been treated with chest radiotherapy 
had a high risk of developing early breast cancer 
(Lange et al., 2014). A study of women treated for 
Hodgkin lymphoma during childhood focused 
on a good reconstruction of radiation dosimetry 
and reported a significant dose–response rela-
tionship that still increased at very high doses 
and remained significant with increasing time 
since therapy (Travis et al., 2003). An analysis of 
modifying factors in that study was not conclu-
sive (Hill et al., 2005). Similarly, in another study, 
in the Netherlands, the risk of breast cancer 
increased significantly with radiation dose, and 
the relationship was still observed at high doses 
(van Leeuwen et al., 2000, 2003). In that study, 
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the risk seemed to decrease in women treated 
after age 30  years (compared with ≤  20  years) 
and in women who received additional chemo-
therapy, partly due to the effect of chemotherapy 
on an earlier age at menopause.

(f) Women undergoing mammography

The risk of breast cancer induced by mammog-
raphy is dependent on the dose received by the 
glandular tissue, as well as many other param-
eters, including age at exposure, dose rate, type 
of radiation, and dose–response relationship at 
low or high dose. Historical estimated doses to 
glandular breast tissue received from a single 

mammography view are presented in Fig.  1.17 
(Thierry-Chef et al., 2012). Since the late 1990s, 
the dose received is about 2 mGy, about one sixth 
of the dose level in the 1960s and well below 
the dose level of most other exposures, apart 
from that received by radiation workers (see 
Table  1.6). Nevertheless, the detailed screening 
modalities (age range, frequency of screening, 
number of examinations at each screening, etc.) 
are necessary to accurately estimate the cumula-
tive dose received by women during their entire 
participation in a screening programme. The 
risk of mammography-induced breast cancer is 
discussed in more detail in Section 5.3.4.

Fig. 1.17 Population estimates (mean, minimum, maximum) of glandular tissue dose (mGy) from 
mammography, by time period and CBT

CBT, compressed breast thickness; Dg, glandular tissue dose; mGy, milligray.
From Thierry-Chef et al. (2012). Reconstruction of absorbed doses to fibroglandular tissue of the breast of women undergoing mammography 
(1960 to the present). Radiat Res, 177(1):92–108.
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(g) Pooled analysis of non-occupational 
exposures

A very informative pooled analysis of eight 
cohort studies, of atomic bomb survivors, 
women with tuberculosis, women with post-
partum mastitis, women with benign breast 
disease, infants treated for thymus hypertrophy, 
and children treated for skin hemangioma, 
included women from Japan, Sweden, and the 
USA exposed to a wide range of radiation doses 
at different ages (Preston et al., 2002). This study 
supports the linearity of the dose–response rela-
tionship for breast cancer, with evidence of a flat-
tening at high doses. It highlights the independent 
modifying effect of age at exposure and attained 
age. Some heterogeneity of the dose–response 
relationship was observed across studies; this is 
partly explained by modifying factors such as 
family history of breast cancer. The study also 
suggests a similarity in dose–response for acute 
and fractionated high-dose-rate exposure.

(h) Women exposed occupationally

Incidence and mortality data on radiological 
technologists are available from large cohorts in 
Canada, the USA, Europe, and China (Mohan 
et al., 2002; Sigurdson et al., 2003; Doody et 
al., 2006). Doses received were elevated before 
1940 and then decreased gradually; accordingly, 
current results show higher risks of breast cancer 
for women in their earlier years of employment. 
Other cohort studies of medical workers occu-
pationally exposed to radiation are currently 
under way and may provide interesting results 
on breast cancer risk among women in the 
general population. Studies of nuclear workers 
are another important source of information 
on cancer risk at low doses and low-dose-rate 
exposure, but to date they have included too few 
women to be informative (Cardis et al., 2007). 
An incidence and mortality study from the 
United Kingdom National Registry for Radiation 
Workers showed no significant dose–response 

relationship for breast cancer (Muirhead et al., 
2009). A case–control study in Australia found 
a low and non-significant excess risk of breast 
cancer among exposed women (Buitenhuis et al., 
2013). Airline flight crews, composed mainly of 
women, are exposed to doses of cosmic radiation 
of up to 6 mSv per year. The most recent updated 
mortality study of an international joint anal-
ysis of cohorts of flight crews from 10 countries 
showed a breast cancer mortality rate similar to 
that of the general population, whereas a deficit 
was observed for almost all other cancer sites 
(Hammer et al., 2010).

(i) Increased radiosensitivity

Due to the involvement of BRCA1/2 in the 
repair of DNA double-strand breaks, which 
can be caused by radiation, BRCA1/2 muta-
tion carriers show increased radiosensitivity 
(Nieuwenhuis et al., 2002; Venkitaraman, 2002; 
Powell & Kachnic, 2003; Yoshida & Miki, 2004; 
Boulton, 2006). In addition to the DNA repair 
mechanisms described in the above-mentioned 
studies, very recently a DNA damage-induced 
BRCA1 protein complex was described as part 
of the mRNA-splicing machinery. Mutations in 
BRCA1 and several proteins found within this 
complex lead to increased sensitivity to DNA 
damage (Savage et al., 2014).

It has been shown that female BRCA1/2 muta-
tion carriers have a higher risk of developing a 
radiation-induced breast cancer compared with 
non-carriers, and particularly before age 40 years 
(Broeks et al., 2007). A meta-analysis based on six 
case–control studies and one cohort study showed 
a non-significantly increased risk of breast cancer 
due to exposure to low-dose radiation (OR, 1.3; 
95% CI, 0.9–1.8) among women with a familial 
or genetic predisposition (Jansen-van der Weide 
et al., 2010). The risk became significant at 
increasing cumulative doses compared with no 
or minimal radiation exposure (OR, 1.8; 95% CI, 
1.1–3.0) and for exposure occurring before age 
20 years (OR, 2.0; 95% CI, 1.3–3.1) (Jansen-van 
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der Weide et al., 2010). Similarly, female BRCA1/2 
mutation carriers showed an increased risk of 
breast cancer before age 20–30 years associated 
with increasing cumulative doses of (low-dose) 
diagnostic radiation, and sensitivity analysis 
showed that this was not confounded by family 
history in this population (Pijpe et al., 2012).

1.3.5 Women at high genetic risk of breast 
cancer

Among the established risk factors for breast 
cancer (Mahoney et al., 2008), genetic factors 
are of particular importance. The current imple-
mentation of high-throughput technology has 
enabled the detection of hereditary alterations 
and related oncogenic pathways and of driver 
somatic mutations in mammary tumours, to 
characterize the phenotypic subtypes of patho-
logically heterogeneous breast tumours (Stephens 
et al., 2012).

As in other malignant tumours, the develop-
ment of breast cancer is driven predominantly by 
the gradual and lifelong accumulation of acquired 

(somatic) mutations, but also by epigenetic 
changes in mammary cells and their progenitors 
(Polyak, 2007). Breast cancer is a highly pleomor-
phic disease, and numerous driver mutations 
(guiding the process of tumorigenesis) (Stratton 
et al., 2009) have been described by next-gener-
ation sequencing studies (Stephens et al., 2012). 
These mutations usually affect genes that code 
for key proteins regulating the maintenance of 
normal tissue homeostasis. A schematic distri-
bution of breast cancer incidence according to 
genetic risk is given in Fig. 1.18. (See Section 5.6 
for a discussion of the screening of women at an 
increased risk.)

(a) Hereditary breast cancer

Hereditary breast cancer is caused by 
germline mutations in highly penetrant breast 
cancer susceptibility genes, most commonly 
the BRCA1/2 genes (Lichtenstein et al., 2000; 
Rahman, 2014a). Breast cancers attributable to 
heritable factors represent 5–10% of all breast 
cancer cases, which is a small but important 
proportion. Overall, the presence of breast 

Fig. 1.18 Schematic distribution of breast cancer incidence according to genetic risk

Created by the Working Group.
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cancer in any first-degree female relative nearly 
doubles the risk for a proband, and the inher-
ited risk increases gradually with the number 
of affected relatives (Collaborative Group on 
Hormonal Factors in Breast Cancer, 2001). 
When risk is conferred through the mother, it 
increases gradually if the mother was diagnosed 
at a young age or had multiple diagnoses of breast 
or ovarian cancer (Anderson et al., 2000). For 
example, the presence of breast cancer in at least 
one first-degree relative accounts for 13% of cases 
(Collaborative Group on Hormonal Factors in 
Breast Cancer, 2001). Also, the early onset of 
breast cancer and other cancers in mutation 
carriers increases the probability of recurrence. 

Other high- or moderate-penetrance breast 
cancer susceptibility genes that contribute to 
the hereditary breast cancer spectrum include 
CHEK2, PTEN, TP53, ATM, STK11/LKB1, CDH1, 
NBS1, RAD50, BRIP1, and PALB2, although none 
of them is comparable in frequency and clinical 
importance to BRCA1/2 (Antoniou et al., 2014; 
Couch et al., 2014). Several common features of 
hereditary breast cancer, documented in both 
affected families and individuals, characterize 
this high-risk population.

(b) Penetrance of breast cancer susceptibility 
genes

Breast cancer susceptibility genes are usually 
categorized as high-penetrance, moderate-pen-
etrance, or low-penetrance genes, reflecting the 
relative risk of breast cancer development in 
mutation carriers.

Mutations in high-penetrance genes (BRCA1, 
BRCA2, PALB2, TP53, PTEN, STK11, and CDH1) 
increase breast cancer risk more than 5-fold 
(Collaborative Group on Hormonal Factors in 
Breast Cancer, 2001). Within this group, the 
major breast cancer susceptibility genes BRCA1 
and BRCA2 account for approximately 3–5% 
of all breast cancer cases and approximately 
20–50% of all hereditary breast cancer cases 
(Rahman, 2014b).

Mutations in moderate- or intermedi-
ate-penetrance genes (such as CHEK2, ATM, 
BRIP1, NBS1, RAD51C, and XRCC2) increase 
breast cancer risk 2–5-fold. The identification of 
breast cancer-predisposing mutations in genes 
is of great clinical importance for both patients 
and unaffected relatives carrying a pathogenic 
variant. Analysis of these moderate-penetrance 
genes has been recommended in individuals with 
a high familial risk who are found to be negative 
for the presence of mutations in the major breast 
cancer susceptibility genes. Signs suggesting 
the presence of a germline mutation in a breast 
cancer susceptibility gene are: (i) unusual breast 
cancer appearance (early disease onset; tumour 
recurrence; bilateral tumour development; male 
breast cancer development; presence of rare or 
minor histopathological diagnoses [triple-neg-
ative, medullary, or atypical medullary type]; 
ER-negative); (ii) clustering of breast cancer in 
affected families; and (iii) cancer multiplicity 
(development of breast and other cancer types, 
including ovarian cancer, colorectal cancer, and 
melanoma).

Mutations in low-penetrance genes increase 
breast cancer risk less than 2-fold and have no 
clinical utility at present (Michailidou et al., 
2013). However, the categorization of penetrance 
is not optimal and sometimes could be rather 
misleading, due to a limited understanding of 
the true phenotypic characteristics. Even the 
major breast cancer susceptibility genes exhibit 
polymorphisms that increase breast cancer 
risk only mildly (although with high statistical 
significance); examples are the BRCA1 missense 
mutation R1699Q and the BRCA2 truncating 
mutation c.K3326* (Michailidou et al., 2013). 
Deep sequencing analyses revealed that approx-
imately 20% of triple-negative cancers have 
potentially druggable aberrations, which include 
BRAF V600E, EGFR amplifications, and ERBB2/
ERBB3 mutations (Shah et al., 2012). The incom-
plete knowledge of the disease characteristics 
and response to treatment in patients harbouring 
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mutations in breast cancer susceptibility genes 
limits the clinical potential of dozens of recently 
characterized variants, making the assessment of 
cancer risk in this high-risk population uncer-
tain (Kean, 2014).

The clinical utility of specific variants in the 
breast cancer susceptibility genes depends not 
only on their penetrance but also on the popula-
tion-specific prevalence, which is inversely corre-
lated with the risk of breast cancer development 
(John et al., 2007; Karami & Mehdipour, 2013). 
Mutations in breast cancer-predisposing genes 
other than BRCA1/2 are usually not frequent and 
have large population variability. For example, 
the most common pathogenic variant in the 
CHEK2 gene, c.1100delC (Bell et al., 1999), has 
a frequency of more than 1% in populations in 
northern Europe, whereas its frequency is lower 
in central Europe, extremely low in southern 
Europe, and practically null in Asian popula-
tions (Kleibl et al., 2005).

The large majority of breast cancer suscepti-
bility genes code for tumour suppressor proteins 
that are involved in key DNA repair pathways 
(except for PTEN, STK11, and CDH1) and could 
thus represent a critical anticancer barrier; 
however, the molecular mechanisms through 
which hereditary alterations trigger the devel-
opment of breast cancer remain to be elucidated 
(Bartek et al., 2007).

(c) BRCA1 and BRCA2 mutation carriers

The BRCA1 and BRCA2 proteins are coded 
by the most important breast cancer suscepti-
bility genes responsible for the development of 
familial breast and ovarian cancer syndromes 
1 and 2 (Online Mendelian Inheritance in Man 
[OMIM] #604370 and #612555; OMIM, 2015). 
The BRCA1 and BRCA2 proteins are structurally 
unrelated and form part of large multiprotein 
complexes involved in the repair of DNA double-
strand breaks (Li & Greenberg, 2012). Currently, 
the Breast Cancer Information Core database 
(BIC, 2015) describes more than 1700 distinct 

variants in the BRCA1 gene and more than 1900 
in the BRCA2 gene. The mutation frequency in 
both genes varies worldwide; it is highest in the 
Ashkenazi Jewish population, in which 2.5% of 
women are carriers (Warner et al., 1999; Karami 
& Mehdipour, 2013).

Among BRCA1 and BRCA2 mutation 
carriers, the cumulative risk to age 80 years was 
shown to reach 90% and 41%, respectively, for 
breast cancer and 24% and 8.4%, respectively, for 
ovarian cancer (Offit, 2006). Overall, the risk of 
mutations in either gene is comparable in patients 
from hereditary breast cancer-only families, is 
particularly increased in families with breast 
and/or ovarian cancer cases, and is inversely 
correlated with the age at onset (see above).

Carriers of mutations in either gene are also 
at increased risk of cancer at other anatomical 
sites. BRCA1 mutations in women predispose to 
the development of fallopian tube and peritoneal 
cancers, and to a 5-fold increased risk of early-
onset colorectal cancer in women younger than 
50 years (Sopik et al., 2014).

It has been suggested that several lifestyle 
factors may modulate the risk of breast cancer 
in BRCA1/2 mutation carriers, including breast-
feeding, the use of oral contraceptives (associ-
ated with a reduced risk in BRCA1/2 mutation 
carriers), and smoking (associated with an 
increased risk in BRCA2 mutation carriers) 
(Friebel et al., 2014).

(d) Putative BRCA3 candidate: PALB2

The PALB2 (partner and localizer of BRCA2) 
gene codes for a protein that serves as a scaffold for 
the BRCA1/2 proteins during the DNA double-
strand break repair process. PALB2 mutations 
have been associated with an increased risk of 
hereditary breast cancer and pancreatic cancer. 
A recent study estimated the cumulative risk 
to age 70  years of developing breast cancer to 
be 47.5% for carriers of PALB2 loss-of-function 
mutations (Antoniou et al., 2014). Therefore, 
the risk is similar to that ascertained in BRCA2 
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mutation carriers, although PALB2 mutations 
are less frequent. The clinical management of 
PALB2 mutation carriers should be similar to 
that of BRCA2 mutation carriers.

(e) Other high-penetrance breast cancer 
susceptibility genes

Hereditary mutations in other high-pen-
etrance genes conferring a high risk of breast 
cancer are very rare. Previously, they were 
usually analysed in cases with the clinical and 
histopathological characteristics of the associ-
ated genetic syndromes (Walsh et al., 2006). This 
practice has changed with the implementation of 
next-generation sequencing analyses in high-risk 
individuals (Couch et al., 2014; Tung et al., 2014). 
Interestingly, somatic mutations in these genes 
represent frequent driver mutations in sporadic 
breast cancer (Stephens et al., 2012).

Breast cancer is the most common cancer 
diagnosed in women affected by Li–Fraumeni 
syndrome (LFS; OMIM #151623; OMIM, 2015), 
mostly as ductal carcinoma or DCIS with ER 
and PR positivity and/or HER2/neu positivity 
(Masciari et al., 2012). LFS is a hereditary cancer 
predisposition syndrome caused by a TP53 muta-
tion (Gonzalez et al., 2009), which confers a cumu-
lative risk of 49% of developing breast cancer by 
age 60 years. The probability of carrying a TP53 
mutation is increased in breast cancer patients 
younger than 30 years with a first- or second-de-
gree relative with typical LFS-associated cancers 
at any age, and is almost null in patients diag-
nosed with breast cancer at age 30–49 years and 
with no family history of LFS-associated cancers 
(Gonzalez et al., 2009).

Female carriers of CDH1 (human epithelial 
cadherin) mutations have a cumulative breast 
cancer risk to age 75  years of 52% (Kaurah et 
al., 2007), and the breast cancer is frequently 
of lobular type in patients older than 45  years 
(Schrader et al., 2011).

Hereditary heterozygous mutations in the 
PTEN (phosphatase and tensin homologue) gene, 

which codes for a phosphatase targeting phos-
phatidylinositol (3,4,5)-triphosphate, were char-
acterized in individuals with Cowden syndrome 
(OMIM #158350; OMIM, 2015). Cowden 
syndrome is a rare, multisystem disease with an 
increased lifetime risk of developing breast cancer 
of 25–50% (Pilarski et al., 2013); higher lifetime 
risks of breast cancer (67%) and development 
of other cancer types (e.g. dysplastic cerebellar 
gangliocytoma) are also reported (Nieuwenhuis 
et al., 2014).

Mutations in the STK11 (serine/threo-
nine-protein kinase) gene have been associated 
with Peutz–Jeghers syndrome (OMIM #175200; 
OMIM, 2015), a rare disorder characterized by an 
increased risk of various neoplasms, including an 
increased risk of 45% of developing ductal breast 
cancer by age 70 years (Hearle et al., 2006).

(f) Moderate-penetrance breast cancer 
susceptibility genes

A representative of this group is the CHEK2 
(checkpoint kinase 2) gene, which codes for a 
regulatory serine/threonine kinase that phos-
phorylates various protein substrates (including 
p53 and BRCA1) in response to DNA damage. 
Mutations in CHEK2 variants could be dispersed 
over the entire coding sequence, but only a few 
studies have analysed these in breast cancer 
patients (Desrichard et al., 2011). The most 
common variant, c.1100delC, increases breast 
cancer risk, with odds ratios of 2.7 for unselected 
breast cancer, 2.6 for early-onset breast cancer, 
and 4.8 for familial breast cancer (Weischer et 
al., 2008) and a hazard ratio of 3.5 and wors-
ened survival for contralateral breast cancer 
(Weischer et al., 2012), in high-risk individuals 
not carrying BRCA1/2 mutations (Meijers-
Heijboer et al., 2002). The cumulative risk for 
patients with familial breast cancer and who 
are heterozygous carriers was estimated at 37% 
(Weischer et al., 2008). Breast tumours arising 
in c.1100delC mutation carriers are frequently of 
luminal type and express ER and/or PR (Nagel et 



Breast cancer screening

73

al., 2012; Kriege et al., 2014), and do not occur at 
a particularly young age (Narod, 2010). CHEK2 
variants are highly population-specific, and four 
other variants were found to be associated with 
increased risk of multiple cancers, including 
cancers of the breast, colorectum, prostate, and 
thyroid (Cybulski et al., 2004). The p.I157T 
variant has been associated with a significantly 
increased breast cancer risk (OR, 4.2 for lobular 
breast cancer) (Liu et al., 2012a, b).

The upstream signalling activator of the 
CHEK2 protein is the large ATM (ataxia telangi-
ectasia mutated) kinase. The frequency of hered-
itary variants of the ATM gene is estimated to be 
0.3–1% in the general population (Prokopcova et 
al., 2007), and these variants have been associated 
with an increased relative risk of breast cancer 
of 2.4 (Renwick et al., 2006). Several studies led 
to the identification of only a limited number of 
mutation carriers in high-risk patients, charac-
terized by a 2–3-fold increased breast cancer risk 
(Damiola et al., 2014).

Several other breast cancer susceptibility 
genes have been reported. BRIP1 (also known 
as BACH1) is a BRCA1-binding helicase associ-
ated with breast cancer. Three genes – MRE11, 
RAD50, and NBN (NBS1) – that code for a protein 
complex (MRE11–RAD50–NBS1) required for 
DNA strand processing during the repair of 
DNA double-strand breaks have also been iden-
tified in breast cancer patients. Recent studies 
also indicate that mutations in non-canonical 
breast cancer susceptibility genes (e.g. mismatch 
repair genes, including MLH1, MLH2, and PMS6, 
which are associated with hereditary colorectal 
cancer) may contribute to the increased risk in 
patients with hereditary breast cancer (Castéra 
et al., 2014; Tung et al., 2014).

1.3.6 Attributable burden to known risk factors

Overall, established breast cancer risk factors 
are common across female populations world-
wide and explain a large proportion of the 

10-fold international variations in breast cancer 
incidence rates, as well as the increases seen in 
migrant studies. It has been estimated that the 
cumulative incidence of breast cancer to age 
70 years in developed countries would drop from 
6.3% to 2.7% if women had just two reproductive 
factors (parity and lifetime breastfeeding) similar 
to those of women in less-developed countries 
at the time (Collaborative Group on Hormonal 
Factors in Breast Cancer, 2002; see Table 1.7); in 
lower-incidence countries, such as those in Africa 
and Asia, the cumulative risks to age 70  years 
were 1–2%. International differences in age at 
first full-term pregnancy and age at menarche 
are likely to contribute further. Similarly, in the 
Million Women Study in the United Kingdom, 
lower breast cancer incidence rates in South 
Asian women (unadjusted RR, 0.82) and Black 
women (RR, 0.85) compared with White women 
were almost entirely attributed to eight repro-
ductive and lifestyle risk factors (Gathani et al., 
2014).

Within the same population, non-modifiable 
risk factors and family history appear to account 
for population attributable fractions of 40–50%, 
but most results are from higher-incidence coun-
tries. In terms of immediately modifiable risk 
factors, the 2005 Global Burden of Disease study 
estimated that 5% of deaths from breast cancer 
worldwide were attributable to alcohol consump-
tion, 9% to overweight/obesity, and 10% to phys-
ical inactivity (with 21% attributable to their 
joint hazard) (Danaei et al., 2005). Joint popu-
lation attributable fractions were considerably 
lower (18%) in low- and middle-income coun-
tries (LMICs) than in high-income countries 
(27%), largely due to lower alcohol consumption 
and lower prevalence of overweight/obesity in 
LMICs. [Note that this analysis did not include 
breastfeeding.]
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1.4 Stage at diagnosis, survival, and 
management

The diagnosis and management of breast 
cancer developed significantly during the late 
1990s and early 2000s. Staging describes the 
size of a carcinoma and whether it has spread 
regionally to lymph nodes or metastasized to 
distant organs. Accurate staging provides key 
prognostic information, helps to tailor treatment 
protocols, and contributes to the planning and 

implementation of specific public health inter-
ventions, such as screening programmes, aiming 
to improve the detection of lesions at an early 
stage and to decrease overall cancer mortality 
rates.

The staging system routinely used for breast 
cancer is the tumour–node–metastasis (TNM) 
classification. It describes localized disease as 
stages I and II, regional disease as stage III, and 
distant disease as stage IV, mostly based on the 
anatomical extent of the primary tumour and the 

Table 1.7 Population attributable fraction for breast cancer incidence associated with lifestyle 
factors in selected populations

Setting Menopausal 
status

Risk factor PAF 
(%)

References

High-income countries/countries with higher breast cancer incidence rates
Worldwide Alcohol consumption 9 Danaei et al. (2005), 

Arnold et al. (2015)
  Postmenopausal Overweight/obesity 12.5  
Europe   Physical inactivity 9  
    Insufficiently active 20 Friedenreich et al. (2010)
    Sedentary lifestyle 10  
China   Number of children 4.7 Li et al. (2012)
    OC use 0.7  
    HRT use (1–5 years) 0.3  
Japan   Alcohol consumption, overweight/obesity, physical 

inactivity, and exogenous hormone use (including 
HRT and OC use)

10.5 Inoue et al. (2012)

Republic of 
Korea

  Obesity (BMI ≥ 30 kg/m2) 8.2 Park et al. (2014)

    Low leisure-time physical activity 8.8  
Brazil   Overweight/obesity 14 WCRF/AICR (2009)
Low- and middle-income countries/countries with lower breast cancer incidence rates
Worldwide   Alcohol consumption 4  
  Postmenopausal Overweight/obesity 4.4 Danaei et al. (2005), 

Arnold et al. (2015)
    Physical inactivity 10  
Islamic 
Republic of 
Iran

Postmenopausal Parity < 7 52.6 Ghiasvand et al. (2012)

    BMI > 25 kg/m2 24.8  
    Family history of breast cancer 15.7  
    OC use 13.7  

Parity + BMI > 25 kg/m3 + family history + OC use 71.3
BMI, body mass index; HRT, hormone replacement therapy; OC, oral contraceptive; PAF, population attributable fraction.
The results collected may reflect some heterogeneity among the methods of the different source publications.



Breast cancer screening

75

presence of spread to regional lymph nodes and of 
distant metastases (Table 1.8 and Table 1.9; UICC, 
2010). This classification was first developed in 
1940 and is periodically revised and updated 
by the Union for International Cancer Control 
(UICC) and the American Joint Committee on 
Cancer (AJCC) (Edge et al., 2010). Although 
the coding schema has evolved considerably 
over time, a good correlation has always been 
maintained between old and new classifications, 
especially for stages 0, I, II, and IV (Kwan et al., 
2012; Walters et al., 2013b). The sixth edition of 
the TNM staging system was officially adopted 
by tumour registries in January 2003. The heter-
ogeneity of small tumours was reflected in more 
subcategories in the lower levels of the staging 
system, and additional issues were assessed, 
including metastatic lesions detected by molec-
ular biology techniques and/or immunohisto-
chemical staining of sentinel node specimens 
and the clinical importance of the total number 
of positive axillary lymph nodes (Singletary & 
Greene, 2003). The most recent, seventh edition 
(Table 1.8 and Table 1.9) was published in 2010 
and includes the use of specific imaging modal-
ities and of circulating tumour cells detectable 
in blood or bone marrow to better estimate 
clinical tumour size (Edge et al., 2010; Murthy 
& Chamberlain, 2011). The eighth edition will 
be published in late 2016 and will incorporate 
further advances in cancer research, staging, 
diagnosis, and treatment (AJCC, 2014).

Although the TNM classification system is 
accepted worldwide, there is great variability in 
the process of stage recording, due to different 
technological advances in diagnostic procedures 
across the globe. Therefore, estimates of survival 
based on stage at diagnosis may be misleading, 
and survival by stage at diagnosis may appear 
to have improved while overall survival does 
not change (Feinstein et al., 1985). International 
comparisons of survival by stage at diagnosis 
should take into consideration the variations in 
clinical classification and coding among cancer 

registries, which reflect the source of stage data, 
the time frame after the diagnosis within which 
the stage was recorded, whether the classifica-
tion was defined clinically or pathologically, and 
whether tumour size was recorded before or after 
neo-adjuvant therapy (Walters et al., 2013a). The 
TNM system has become extremely complex and 
may be too complicated for use in developing 
countries. A much simpler system, such as the 
one used by the United States National Cancer 
Institute, could be a better option. The SEER 
staging, based on the widely accepted theory of 
cancer development, is the most basic staging 
system applicable to all anatomical sites (solid 
tumours). The five main categories of summary 
staging (in situ, localized, regional, distant, and 
unknown) are developed based on information 
available in the medical, clinical, and patho-
logical records. However, although this system 
is frequently used by tumour registries, is not 
always properly understood by physicians (SEER, 
2014b).

1.4.1 Stage at diagnosis and survival

Population-based cancer registries (PBCRs) 
provide information on the cancer burden in 
communities around the world, including inci-
dence, mortality, stage at diagnosis, and survival. 
Currently, there are more than 700 PBCRs world-
wide, although the quality and data coverage of 
registries differ substantially between developed 
and developing countries. PBCRs are especially 
valuable in LMICs, where the available popula-
tion-based cancer data are few; poorly developed 
and inaccessible health services result in incon-
sistencies in early diagnosis, adequate treatment, 
and follow-up care, with a profound negative 
effect on cancer survival (Sankaranarayanan 
et al., 2010; Bray et al., 2014). A standardized 
minimum data set of variables with coding based 
on international systems like the TNM classifica-
tion is required to facilitate the analysis of data 
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Table 1.8 Tumour–node–metastasis (TNM) clinical classification of breast cancer

T – Primary tumour
TX – Primary tumour cannot be assessed
T0 – No evidence of primary tumour
Tis – Carcinoma in situ
Tis (DCIS) – Ductal carcinoma in situ
Tis (LCIS) – Lobular carcinoma in situ
Tis (Paget) – Paget disease of the nipple not associated with invasive carcinoma and/or carcinoma in situ (DCIS and/or 
LCIS) in the underlying breast parenchyma
T1 – Tumour 2 cm or less in greatest dimension
T1mi – Microinvasion 0.1 cm or less in greatest dimension
T1a – More than 0.1 cm but not more than 0.5 cm in greatest dimension
T1b – More than 0.5 cm but not more than 1 cm in greatest dimension
T1c – More than 1 cm but not more than 2 cm in greatest dimension
T2 – Tumour more than 2 cm but not more than 5 cm in greatest dimension
T3 – Tumour more than 5 cm in greatest dimension
T4 – Tumour of any size with direct extension to chest wall and/or to skin (ulceration or skin nodules)
T4a – Extension to chest wall (does not include pectoralis muscle invasion only)
T4b – Ulceration, ipsilateral satellite skin nodules, or skin oedema (including peau d’orange)
T4c – Both 4a and 4b, above
T4d – Inflammatory carcinoma

N – Regional lymph nodes
NX – Regional lymph nodes cannot be assessed (e.g. previously removed)
N0 – No regional lymph-node metastasis
N1 – Metastasis in movable ipsilateral level I, II axillary lymph node(s)
N2 – Metastasis in ipsilateral level I, II axillary lymph node(s) that are clinically fixed or matted; or in clinically detected 
ipsilateral internal mammary lymph node(s) in the absence of clinically evident axillary lymph-node metastasis
N2a – Metastasis in axillary lymph node(s) fixed to one another (matted) or to other structures
N2b – Metastasis only in clinically detected internal mammary lymph node(s) and in the absence of clinically detected 
axillary lymph-node metastasis
N3 – Metastasis in ipsilateral infraclavicular (level III axillary) lymph node(s) with or without level I, II axillary lymph-node 
involvement; or in clinically detected ipsilateral internal mammary lymph node(s) with clinically evident level I, II axillary 
lymph-node metastasis; or metastasis in ipsilateral supraclavicular lymph node(s) with or without axillary or internal 
mammary lymph node involvement
N3a – Metastasis in infraclavicular lymph node(s)
N3b – Metastasis in internal mammary and axillary lymph nodes
N3c – Metastasis in supraclavicular lymph node(s)

M – Distant metastasis
M0 – No distant metastasis
M1 – Distant metastasis

Adapted from UICC (2010).

http://www.ncbi.nlm.nih.gov/pubmed/25186627
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and to enable comparison of results among regis-
tries (Bray et al., 2014).

(a) Stage at diagnosis

In developing countries, an estimated 75% 
(range, 30–98%) of breast cancer cases are diag-
nosed at late clinical stages, such as stage III or IV 
(Sloan & Gelband, 2007; Coughlin & Ekwueme, 
2009).

In African countries, retrospective studies have 
reported that 70–90% of breast cancers are diag-
nosed at stage III or IV (Fregene & Newman, 2005). 
A PBCR that covers the Gharbiah Governorate in 
Egypt reported an increase in the percentage of 
localized breast tumours from 14.8% in 1999 to 
21.4% in 2008 (Hirko et al., 2013).

In India, more than 70% of patients are diag-
nosed with clinically advanced disease (stage III 
or IV) (Okonkwo et al., 2008).

In China, findings from a multicentre nation-
wide screening study showed a tendency towards 
higher cancer stages for disadvantaged women, 
with the majority of cases diagnosed at stage II 
(44.9% of cases) or stage III (18.7% of cases) (Li et 
al., 2011; Fan et al., 2014).

The proportion of breast cancer cases that 
are clinically advanced at diagnosis (stages III 
and IV) is reported as approximately 30–40% in 
Mexico and less than 20% in Uruguay, although 
in Uruguay the data come from a single institu-
tion. In Brazil, women are diagnosed earlier in 
the wealthier regions of the country; generally 
percentages of advanced disease (25–40%) are 
similar to those in Chile (30%) in 2003 (Justo et 
al., 2013).

Data from high-income countries for 2000–
2007 reported the proportion of stage III or IV 
disease to be 8% in Sweden and 22% in Denmark 
and the proportion of localized disease to be 
61–62% in Australia, Canada, Denmark, Norway, 
Sweden, and the United Kingdom (Walters et al., 
2013a). For Norway in 2008–2012, the propor-
tion was 0.7% for stage 0, 40.8% for stage I, 38.0% 
for stage II, 5.9% for stage III, and 3.5% for stage 
IV (Cancer Registry of Norway, 2014).

In British Columbia, Canada, a popula-
tion-based cohort study of participants in the 
Screening Mammography Program reported 
that the majority of cases were detected at local-
ized stages (38% at stage I and 32% at stage II) 

Table 1.9 Tumour–node–metastasis (TNM) stage grouping of breast cancer

Stage T N M

Stage 0 Tis N0 M0
Stage IA T1a N0 M0
Stage IB T0, T1a N1mib M0
Stage IIA T0, T1a N1 M0
  T2 N0 M0
Stage IIB T2 N1 M0
  T3 N0 M0
Stage IIIA T0,T1a,T2 N2 M0
  T3 N1, N2 M0
Stage IIIB T4 N0, N1, N2 M0
Stage IIIC Any T N3 M0
Stage IV Any T Any N M1

a  T1 includes T1mic.
b  N1mi, micrometastases > 0.2 mm and ≤ 2 mm.
Used with the permission of the Union for International Cancer Control (UICC, 2010), Geneva, Switzerland. The original source for this 
material is TNM Classification of Malignant Tumours, 7th Edition, Sobin LH, Gospodarowicz MK, Wittekind C (editors), published by Wiley-
Blackwell, 2009.
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(Davidson et al., 2013). Similarly, in the USA in 
1999–2005, 61% of cases were detected at local-
ized stages (stages I and II), 32% at a region-
ally advanced stage (stage III), and only 5% at 
a distant-metastatic stage (stage IV) (Shulman 
et al., 2010). However, the proportion of cases 
diagnosed beyond the local stage and the 5-year 
cause-specific probability of death were higher 
among Black women than among White women 
(Harper et al., 2009). Data for 2003–2009 for all 
races showed that 61% of breast cancers were 
localized (among African-American women, 
only 52%), 32% were regional, and 5% were 
distant (Siegel et al., 2014).

(b) Survival

Worldwide, survival differences that persist 
after adjustment for tumour stage at diagnosis 
are likely to reflect differences in treatment, 
accuracy of staging, or tumour biology (Sant et 

al., 2003; Walters et al., 2013a). Overall, 5-year 
survival rates are consistently lower in LMICs 
compared with upper-middle- and high-income 
countries (Table  1.10; Anderson et al., 2011). 
Differences in 5-year survival between more- and 
less-developed health services for both localized 
and regional breast cancer are shown in Fig. 1.19.

A population-based study on breast cancer 
survival in countries in Africa, Asia, and Central 
America reported 5-year relative survival rates 
of 12% in The Gambia, 46% in Uganda, 52% in 
India, 82% in China, and 63% in Thailand. Rates 
in upper-middle- and high-income countries 
were 70% in Costa Rica, 77% in Turkey, 79% 
in the Republic of Korea, and 76% in Singapore 
(Sankaranarayanan et al., 2010). In Latin 
America, reported 5-year survival rates were 79% 
in Suriname, 72% in Chile, and 75% in Brazil 
(Mendonça et al., 2004; Navarrete Montalvo et 
al., 2008; van Leeuwaarde et al., 2011). In the 

Table 1.10 5-Year age-standardized breast cancer relative survival, by country/region

Country/region (type of registry) 5-Year relative survival (%)

The Gambiab 12
Ugandab 46
Philippinesb 47 (40–55)
Indiab 52 (31–54)
Brazil (Brazilian registries)a 58.4 (52.7–64.6)
Thailandb 63
United Kingdoma 69.7 (69.4–70.1)
Europe (European registries)a 73.1 (72.9–73.4)
Singaporeb 76
Costa Ricab 77
Turkeyb 77
Republic of Koreab 79 (78–81)
Australia (national registry)a 80.7 (80.1–81.3)
Japan (Japanese registries)a 81.6 (79.7–83.5)
Chinab 82 (58–90)
Swedena 82.0 (81.2–82.7)
Canada (Canadian registries)a 82.5 (81.9–83.0)
USA (North American registries)a 83.9 (83.7–84.1)

a  International Cancer Survival Standard data (with 95% confidence interval) are for adults (aged 15–99 years) diagnosed during 1990–1994 
and followed up until 1999. Adapted from Coleman et al. (2008).
b  Data are the median percentage of an individual registry (and range, minimum–maximum, if more than one registry) for adults diagnosed 
during 1990–2001 and followed up until 2003. Adapted from Sankaranarayanan et al. (2010).
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industrialized city of Shanghai, China, 5-year 
survival was 78% in 1992–1995, whereas in a 
rural neighbouring area, Qidong, it was only 
58% in 1992–2000 (Fan et al., 2014).

Data from PBCRs in Canada (Alberta, 
British Columbia, Ontario, and Manitoba) 
showed a slight increase in 5-year survival rates 
over time, from 85.3% in 1995–2000 to 86.3% in 
2005–2007 (Coleman et al., 2011) and to 88% in 
2006–2008 (Canadian Cancer Society, 2014).

In the USA, the 5-year survival increased 
from 75% in 1975 to 89% in 2010, and was 98% 
for localized disease, 85% for regional disease, 
and 25% for distant disease (SEER, 2014a). A 
meta-analysis among African-American and 
White American breast cancer patients revealed 
that African-American ethnicity was associated 

with a 20% excess of mortality in 1980–2005 
(Newman et al., 2006).

In Finland, the 5-year survival for breast 
cancer (all malignant neoplasms) of patients 
diagnosed in 2005–2010 and observed in 2010–
2012 was 90% (Finnish Cancer Registry, 2015).

The largest cooperative study of popu-
lation-based cancer survival in Europe 
(EUROCARE) shows a mean breast cancer 
survival rate of about 82% for breast cancer 
diagnosed in 2000–2007 (De Angelis et al., 2014). 
Geographical differences were reported, with 
higher survival in northern (84.7%), southern 
(83.6%), and central Europe (83.9%) and lower 
survival in the United Kingdom and Ireland 
(79.2%) and eastern Europe (73.7%). For most 
countries, the 5-year survival rate for breast 
cancer was fairly close to the European mean. 
Overall, survival rates in Europe increased over 
time, from 78.4% in 1999–2001 to 82.4% in 
2005–2007. This increase was the most marked 
in eastern Europe and the United Kingdom 
and Ireland, so the survival gap between these 
countries and the rest of Europe decreased. 
Predictions of 10-year survival exceed 70% in 
most regions, with the highest value in northern 
Europe (74.9%) and the lowest in eastern Europe 
(54.2%), although 10-year survival is about 10% 
lower than 5-year survival in almost all European 
regions (Allemani et al., 2013). See Sections 1.5 
and 1.6 and Section 4.1 for further details on the 
interpretation of survival findings with regard to 
mammographic screening.

1.4.2 Management

Breast cancer care has improved dramati-
cally over the past 50 years, thanks to advances 
in multidisciplinary management, diagnosis, 
and treatment, including adjuvant treatments. 
Biological markers of prognosis have been iden-
tified, as well as biomarkers for targeted thera-
pies, such as aromatase inhibitors for hormone 
receptor-positive breast cancers and anti-HER2 

Fig. 1.19 Absolute survival for breast cancer, 
localized and regional extent of disease, by 
level of development of health services

From Sankaranarayanan & Swaminathan (2011).
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therapy for HER2/neu-overexpressing breast 
cancers.

The management of breast cancer often 
requires multimodality treatment involving 
surgery, radiotherapy, systemic treatment with 
chemotherapy, and/or hormone therapy and 
targeted therapy. Neo-adjuvant therapy may be 
given before surgery to shrink the tumour and 
after surgery to treat micrometastases.

(a) Surgery

Surgical treatment for breast cancer has been 
used for centuries. Radical mastectomy became 
the standard surgical approach towards the end 
of the 19th century and was popular until the 
1980s, when randomized trials showed that it had 
a limited beneficial effect on survival. Modified 
radical mastectomy, simple mastectomy, and the 
evaluation of breast-conserving surgery were 
then introduced. Surgical interventions such as 
oophorectomies and adrenalectomies were rela-
tively popular in the 20th century (Ahmed et 
al., 2011; American College of Surgeons, 2014). 
Nowadays, surgical treatment for the primary 
tumour may involve breast-conserving surgery 
plus radiotherapy, modified radical mastec-
tomy, or simple mastectomy, depending on the 
size and location of the tumour, the suitability 
of breast-conserving surgery, and, in developing 
countries, the availability of radiotherapy.

Assessing the axillary lymph nodes is crit-
ical in staging and to determine prognosis and 
therapeutic options. Nowadays, axillary lymph 
node dissection as a staging procedure has 
largely been replaced by the less-invasive sentinel 
lymph node biopsy. Local surgical treatments 
have improved greatly without compromising 
locoregional control in breast cancer manage-
ment (McWhirter, 1948; Lythgoe et al., 1978; 
Langlands et al., 1980; Fisher et al., 1981; Maddox 
et al., 1983).

(b) Radiotherapy

Radiotherapy is regularly indicated for locore-
gional treatment after breast-conserving surgery 
and in post-mastectomy patients to eradicate 
residual disease, thus reducing local recurrence. 
In women with axillary lymph node dissection 
and with up to three positive lymph nodes or 
with four or more positive nodes, radiotherapy 
reduced locoregional recurrence and overall 
recurrence (RR, 0.68; 95% CI, 0.57–0.82 versus 
RR, 0.79; 95% CI, 0.69–0.90) and reduced cancer 
mortality (RR, 0.80; 95% CI, 0.67–0.95 versus 
RR, 0.87; 95% CI, 0.77–0.99) (McGale et al., 2014). 
In women with no positive nodes, radiotherapy 
had no statistically significant effect on locore-
gional recurrence, overall recurrence, or cancer 
mortality, although it increased overall mortality 
(RR, 1.23; 95% CI, 1.02–1.49). Results were 
similar in the subset of trials in which women 
received systemic therapy (McGale et al., 2014). 
Women who receive breast-conserving surgery 
without radiotherapy have a risk of recurrence 
in the conserved breast of greater than 20% even 
when axillary lymph nodes are absent. It has 
been shown that radiotherapy to the conserved 
breast reduces the 10-year risk of any recur-
rence from 35.0% to 19.3% and the 15-year risk 
of mortality from 25.2% to 21.4%. The mortality 
reduction differed significantly between patients 
with node-positive and node-negative disease 
(Darby et al., 2011).

(c) Chemotherapy and adjuvant therapy

Chemotherapy was introduced into clinical 
cancer practice in the middle of the 20th century, 
and targeted therapy was introduced towards the 
end of the 20th century, whereas hormone therapy 
was already in use by the end of the 19th century 
(American College of Surgeons, 2014). The need 
for and the choice of adjuvant systemic treatment 
are determined by the stage and the molecular 
features of the disease. The side-effects must be 
considered before starting any treatment, as they 
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can be immediate (appearing during treatment) 
or long-term (appearing weeks, months, or years 
after the treatment ends) and may be associated 
both with the patient’s clinical conditions and 
stage at diagnosis and with the treatment (type 
and intensity).

Patients with ER-positive and/or PR-positive 
tumours, which account for 50–80% of breast 
cancers, usually receive hormone therapy, and 
patients with HER2-overexpressing tumours 
receive adjuvant anti-HER2 therapy in combina-
tion with chemotherapeutic agents, which may 
reduce mortality by one third and the risk of 
recurrence by 40% (Moja et al., 2012; Pinto et al., 
2013). When neither HER2 overexpression nor 
hormone receptors are present, adjuvant therapy 
relies on chemotherapeutic regimens. It has 
been shown that 2 years of adjuvant anti-HER2 
therapy is not more effective than 1 year of treat-
ment for patients with HER2-positive early breast 
cancer, and thus 1 year of treatment remains the 
standard of care (Gianni et al., 2011; Goldhirsch 
et al., 2013), although cardiac toxicity is still a 
concern.

The classic adjuvant chemotherapy with 
cyclophosphamide, methotrexate, and 5-fluoro-
uracil (CMF) (Bonadonna et al., 1976) was shown 
to improve survival in both node-positive and 
node-negative patients. Chemotherapy regimens 
such as 6 months of anthracycline as well as the 
addition of taxanes led to an additional decline 
in recurrence and mortality. A few years after its 
introduction in routine adjuvant practice, CMF 
was replaced by more-effective “third-genera-
tion” regimens containing anthracyclines and 
taxanes (Munzone et al., 2012). A meta-analysis 
showed that six cycles of anthracycline-based 
polychemotherapy, such as combination of 
5-fluorouracil, doxorubicin, and cyclophospha-
mide or 5-fluorouracil, epirubicin, and cyclo-
phosphamide, reduced the annual breast cancer 
death rate by about 38% in women younger 
than 50 years and by about 20% in women aged 
50–69 years, irrespective of the use of tamoxifen 

and of ER status, nodal status, or other tumour 
characteristics (EBCTCG, 2005). The addition of 
four separate cycles of a taxane to such anthracy-
cline-based regimens and the extension of treat-
ment duration further reduced breast cancer 
mortality (RR, 0.86) (Peto et al., 2012).

It has been clearly demonstrated that neo-ad-
juvant chemotherapy such as tamoxifen reduces 
breast cancer mortality (RR, 0.71) and recurrence 
(RR, 0.68) in both node-positive and node-neg-
ative ER-positive breast cancers (Davies et al., 
2011). Recent findings suggest that tamoxifen 
treatment is more beneficial for 10 years rather 
than for 5 years in women at high risk of recur-
rence (Davies et al., 2013). Studies have shown 
that the aromatase inhibitors offer an incremental 
improvement in survival and lower toxicity for 
postmenopausal women requiring hormone 
therapy. Pooled analyses of radiotherapy and 
systemic treatments reported a clinically signif-
icant improvement for both local and systemic 
therapy and provided evidence of modest but 
consistent effects of treatment. 

As an example, the milestones of breast cancer 
treatment in the USA and their relationship with 
time trends in incidence, survival, and mortality 
are shown in Fig. 1.20.

(i) Access to care and treatment in high-
income countries

In high-income countries and in populations 
where sufficient resources are available, access to 
optimal cancer treatment is promoted by well-de-
veloped infrastructures, due to the spending of 
6–16% of gross domestic product (GDP) on health 
care (Coleman, 2010). The variations observed in 
survival trends mainly reflect later diagnosis or 
differences in treatment (Coleman et al., 2011), 
particularly among women in eastern European 
countries and non-Hispanic Black women in the 
USA (Kingsmore et al., 2004; Mikeljevic et al., 
2004).

Expenditure on cancer therapy in Europe rose 
from €840 million in 1993 to €6.2 billion in 2004, 
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and is likely to increase further with the advent 
of targeted chemotherapy (Sullivan et al., 2011). 
Variations in breast cancer care across European 
countries are apparent (Allemani et al., 2010). 
Data from EUROCARE-3 show that 55% of 
women diagnosed with T1N0M0 breast cancers 
received breast-conserving surgery plus radio-
therapy, ranging from 9% in Estonia to 78% in 
France. Of node-positive patients, chemotherapy 
was received by 52.1% of postmenopausal women 
and by 90.7% of premenopausal women, with 
marked variations among countries, particularly 
for postmenopausal women. For patients with 
ER-positive tumours, which constituted 45.3% of 
total cases, marked variations across countries in 
the availability of endocrine therapy were noted 
(Allemani et al., 2010).

Breast cancers are generally less advanced 
at diagnosis in the USA than in Europe, but 
the overall frequency of metastatic tumours is 
similar, at about 5–6% (Allemani et al., 2013). 
Currently, about 60% of cancer patients in the 
USA are treated with highly modern radio-
therapy (Sullivan et al., 2011). Lymphadenectomy 
was reported in 86% of women in Europe and 
in 81% of women in the USA; surgical treatment 
was received by 91% of women in Europe and 
by 96% of women in the USA. Among women 
with early node-negative disease, 55% in Europe 
and 49% in the USA received breast-conserving 
surgery plus radiotherapy. Among women with 
node-positive tumours, 58% in Europe and 69% 
in the USA received chemotherapy. Compared 
with women aged 15–49  years, the propor-
tion of women aged 50–99  years who received 

Fig. 1.20 Milestones of breast cancer therapy in the USA
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chemotherapy was higher in the USA (60%) 
than in Europe (46%), as was access to endocrine 
treatment for ER-positive tumours (62% in the 
USA and 55% in Europe) (Allemani et al., 2013).

(ii) Access to care and treatment in low- and 
middle-income countries

In many LMICs, major treatments (surgery, 
chemotherapy, and radiotherapy) are delivered 
within inadequate health services infrastruc-
tures. Rural areas, in particular, lack infusion 
equipment or other supplies, skilled oncology 
surgeons, and proper equipment; radiotherapy 
facilities are scarce (available to about 15% 
of patients) or non-existent, and access to 
chemotherapy and hormone therapy is limited 
(Anderson at al., 2011; Cesario, 2012).

In Latin America, the WHO Medical Devices 
Database reports inadequate cancer care due to 
limited physical and technological resources. The 
supply of radiotherapy units may vary, from 6 
per 100 000 people in Bolivia and Paraguay to 57 
per 100 000 people in Uruguay (Goss et al., 2013). 
In most Latin American countries, oncology 
services are concentrated in major cities, whereas 
rural regions often lack or have limited cancer 
care services. In Brazil, anti-HER2 targeted 
therapy for HER2-positive early breast cancer 
became available only in 2012. The situation is 
similar in other Latin American countries, such 
as Mexico, Argentina, and Colombia (Goss et al., 
2013).

In sub-Saharan Africa, delayed presentation 
of breast cancer is common. Although mastec-
tomy is not always culturally accepted in this 
region, it is the most widely used procedure for 
breast cancer treatment, due to the poor avail-
ability of adjuvant radiotherapy, chemotherapy, 
and resources for the assessment of sentinel lymph 
nodes. In a hospital in Uganda in 1996–2000, 75% 
of patients underwent surgery (58% of surgeries 
were modified radical mastectomy), 76% received 
radiotherapy, 60% received hormone therapy, 
and 29% received chemotherapy (Kingham et 

al., 2013). Locally advanced breast cancers are 
frequently treated with neo-adjuvant therapy; 
however, the frequencies of response and positive 
outcomes are not as high as those in high-income 
countries (Kingham et al., 2013).

In China, important disparities in access 
and timely care for breast cancer are reported. 
Although breast-conserving surgery has become 
the recommended surgical treatment since the 
1990s, mastectomy still accounts for almost 
89% of primary breast cancer surgery (Li et al., 
2011; Fan et al., 2014). Even in developed urban 
areas, breast-conserving surgeries represented 
only 12.1% of surgeries in 2005 and 24.3% of 
surgeries in 2008. In Beijing in 2008, complete 
axillary lymph node dissection was performed 
for 84.1% of the patients. There is poor availa-
bility of radiotherapy as well as linear acceler-
ator equipment, trained radiation oncologists, 
and technologists. Among patients who under-
went breast-conserving surgery, 16.3% did not 
receive radiotherapy as per standard guidelines, 
and only 27% of patients nationwide received 
radiotherapy as part of their primary treat-
ment. Access to systemic therapy is relatively 
frequent in China. About 81.4% of all patients 
with invasive breast cancer received adjuvant 
chemotherapy, and 80.2% of patients with HER2-
positive tumours received adjuvant targeted 
therapy. Unfortunately, for many drugs the costs 
are not reimbursed by insurance, and the lack of 
access to new drugs also limits systemic treat-
ment options for metastatic disease. For example, 
despite the approval of anti-HER2 therapy in 
2002, in Beijing only 20.6% of patients with 
HER2-positive disease received targeted therapy 
(Fan et al., 2014).

Although cancer control programmes are 
becoming a higher priority and adequate multi-
disciplinary breast cancer treatment services 
generally exist, socioeconomic, geographical, or 
ethnic barriers are reflected in the inequity of 
cancer treatment. As the economies of middle-re-
source countries strengthen, higher breast cancer 
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survival rates are reported, due to earlier detec-
tion and better treatment options (Anderson at 
al., 2011). Identifying what can be done to diag-
nose and treat cancers more effectively at each 
level of the health system will require a global 
public health approach (Anderson et al., 2010). 
Recommended breast cancer treatment resources 
for low-resource countries from the Breast Health 
Global Initiative are shown in Table 1.11.

1.5 Breast awareness, early 
detection and diagnosis,  
and screening

Early detection of breast cancer aims to 
reduce mortality and other serious conse-
quences of advanced disease through the 
early clinical diagnosis of symptomatic breast 
cancer or by screening asymptomatic women 
(Sankaranarayanan, 2000). When earlier treat-
ments are available for detected cases, life 
expectancy, locoregional control of disease, and 
quality of life are much improved. In turn, early 
detection relies on access to prompt and effective 
diagnostic and treatment services (von Karsa et 
al., 2014a).

Table 1.11 Recommended breast cancer treatment resources for low-resource countries

Resource 
levela

Local-regional 
treatment

Radiotherapy Chemotherapy Endocrine therapy Supportive 
therapy

Basic Modified radical 
mastectomy

b Preoperative 
chemotherapy with 
AC, EC, FAC, or 
CMFc

Oophorectomy in 
premenopausal 
women 
Tamoxifend

Non-opioid and 
opioid analgesics 
and symptom 
management

Limited Breast-conserving 
surgerye 
Sentinel lymph node 
biopsy with blue dyef

Post-mastectomy 
irradiation of chest 
and regional nodes 
for high-risk casesb

See note See note See note

a  Basic-level resources are defined as core resources or fundamental services that are absolutely necessary for any breast health care system 
to function. Limited-level resources or services are defined as those that produce major improvements in outcome but that are attainable with 
limited financial means and modest infrastructure.
b  Chest wall and regional lymph node irradiation substantially decreases the risk of post-mastectomy local recurrence. If available, it should be 
used as a basic-level resource.
c  Systemic chemotherapy requires blood chemistry profile and complete blood count testing for safety. When chemotherapy is available at the 
basic level, these tests should also be provided.
d  Estrogen receptor (ER) testing by immunohistochemistry (IHC) is preferred for establishing hormone receptor status and is cost-effective 
when tamoxifen is available. When tamoxifen is available at the basic level, IHC testing of ER status should also be provided.
e  Breast-conserving surgery can be provided as a limited-level resource but requires breast-conserving radiotherapy. If breast-conserving 
radiation is unavailable, patients should be transferred to a higher-level facility for post-lumpectomy radiation.
f  Use of the sentinel lymph node (SLN) biopsy requires clinical and laboratory validation of SLN technique.
Note: The table stratification scheme implies incrementally increasing resource allocation at the basic and limited levels.
AC, doxorubicin and cyclophosphamide; CMF, cyclophosphamide, methotrexate, and 5-fluorouracil; EC, epirubicin and cyclophosphamide; 
FAC, 5-fluorouracil, doxorubicin, and cyclophosphamide.
Adapted from Breast, Volume 20, Supplement 2, El Saghir NS, Adebamowo CA, Anderson BO, Carlson RW, Bird PA, Corbex M et al., Breast 
cancer management in low resource countries (LRCs): consensus statement from the Breast Health Global Initiative, pages 3–11, Copyright 
(2011), with permission from Elsevier (El Saghir et al., 2011); and from Cancer, Volume 113, issue 8, Supplement 20, Anderson BO, Yip C-H, 
Smith RA, Shyyan R, Sener SF, Eniu A et al., Guideline implementation for breast healthcare in low-income and middle-income countries: 
overview of the Breast Health Global Initiative Global Summit 2007, pages 2221–2243, Copyright (2008), with permission from John Wiley & 
Sons, Inc. (Anderson et al., 2008).
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Early cancer detection is part of a cancer 
control strategy, which also should include: 
health education; breast cancer awareness; 
health-care providers with sufficient clinical 
skills, particularly at the primary care level; 
availability of accessible, affordable, and efficient 
health services with adequate infrastructure, 
human resources, and information systems; 
prompt diagnosis, staging, and treatment; and 
follow-up care (Richards et al., 1999; Norsa’adah 
et al., 2011; Ermiah et al., 2012; Caplan, 2014; 
Poum et al., 2014; Unger-Saldaña, 2014).

1.5.1 Breast awareness

Breast awareness is intended to encourage 
women to be conscious of how their breasts 
normally look and feel, so that they can recognize 
and report any abnormality. Breast awareness 
programmes also provide information about 
the efficacy of treatment when breast cancer 
is detected and treated early. Breast Cancer 
Awareness Month is observed worldwide every 
October.

Breast awareness is distinguished from 
breast self-examination (BSE). The purpose of 
BSE is to detect breast cancer by performing 
regular, systematic palpation and inspection of 
the breasts. The common goal of breast aware-
ness and BSE is to improve breast cancer survival 
by detecting breast cancer at an early stage. The 
United Kingdom National Health Service (NHS) 
mammography screening programme histor-
ically emphasized breast awareness over BSE 
(Faulder, 1992) because BSE was thought to lead 
to an excessive preoccupation with cancer and 
to anxiety, while being theoretically equivalent 
to breast awareness. In 1991, the NHS empha-
sized a five-point plan for being breast aware: 
(i) knowing what is normal for you; (ii) looking at 
your breasts and feeling them; (iii) knowing what 
changes to look for; (iv)  reporting any changes 
without delay; and (v) attending breast screening 
if you are aged 50 years or older (NHSBSP, 2006). 

Nowadays, it is pointed out that the distinction 
between breast awareness and BSE is not clear 
and that there is no evidence that morbidity 
or mortality are reduced by taking the recom-
mended steps to become breast aware; in addi-
tion, it is not known whether the harms, such 
as anxiety and excess false-positive biopsies, are 
associated with both breast awareness and BSE 
(McCready et al., 2005; Thornton & Pillarisetti, 
2008; Mac Bride et al., 2012; Mark et al., 2014). 
It has been suggested that breast awareness 
should be replaced with the concept of “sensible 
alertness” to the possibility of finding an abnor-
mality, with women occasionally but regularly 
performing quick BSE (Thornton & Pillarisetti, 
2008), because breast awareness may cause 
more harm than good unless it is followed up by 
prompt and effective diagnosis and treatment. At 
present, it is still not clear what breast awareness 
means to women, how it is acquired, and whether 
the balance of benefits and harms is favourable. 
Awareness about breast cancer is especially rele-
vant for LMICs, compared with more developed 
countries, which rely heavily on mammographic 
screening to improve earlier detection and treat-
ment of symptomatic cases (Yip et al., 2008).

1.5.2 Early diagnosis of symptomatic breast 
cancer

Given the fact that most breast cancers are 
first recognized by patients, an important aspect 
of early diagnosis is encouraging women to seek 
medical care without delay when they notice 
symptoms or signs. Referral occurs mostly in 
health centres, in dispensaries, and in the offices 
of general and family practitioners. It is critical 
that the doctors, nurses, and health workers at 
these primary care levels are knowledgeable and 
skilled about early symptoms and signs of breast 
cancer and about referral. A systematic review 
of 23 studies worldwide reported a 7% difference 
in pooled survival at 5  years between patients 
with a short delay (<  3  months) from onset of 
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symptoms to initiation of treatment and those 
with a moderate delay (3–6  months) (Richards 
et al., 1999).

The common symptoms and clinical signs of 
breast cancer are: painless firm to hard lump in the 
breast; feeling of lumpiness in the breast; asym-
metry of breasts; unilateral nipple retraction (as 
opposed to nipple inversion); unilateral bloody 
or serous nipple discharge; localized breast skin 
changes, such as tethering, oedema, puckering, 
or skin thickening; and eczematous changes 
in or around the nipple or areola. The clinical 
predictability of symptoms and signs should be 
considered together with family history of breast 
cancer (especially among first-degree relatives), 
past history of breast disease, and other risk 
factors, to avoid unnecessary referrals of women 
with normal breasts or benign lesions.

The single most important symptom of early 
breast cancer is the presence of a small palpable 
lump. The positive predictive value of a breast 
lump for breast cancer is reported to be about 1% 
or less in population-based studies (Mittra et al., 
2010; Sankaranarayanan et al., 2011; Singh et al., 
2015) and between 13% and 25% in hospital-based 
studies (Mahoney & Csima, 1982; Ohene-Yeboah 
& Amaning, 2008; Pradhan & Dhakal, 2008). 
The vast majority of breast lumps are fibroad-
enoma, fibroadenosis, fibrocystic mastopathy, 
mastitis, or solitary cysts, which are associated 
with benign breast disease (Mahoney & Csima, 
1982; Ohene-Yeboah & Amaning, 2008; Pradhan 
& Dhakal, 2008; Sankaranarayanan et al., 2011). 
Discrete lumps with a hard consistency, lumps 
with skin or nipple changes, lumps associated 
with unilateral nipple discharge, and persistent 
breast lumps are associated with advanced breast 
cancer (Mahoney & Csima, 1982; Giess et al., 
1998; Dolan et al., 2010; Chen et al., 2012). Breast 
pain and discomfort without a palpable breast 
lump is very common in menstrual and premen-
strual women and is rarely, if ever, a sign of early 
breast cancer, whereas painless lumps should be 

brought to immediate medical attention (Ohene-
Yeboah & Amaning, 2008).

Nipple changes are an important aspect of 
early detection and breast awareness. Inversion 
of one or both nipples is a common occurrence 
and is not typically associated with breast cancer. 
Unilateral bloody or serous nipple discharge, 
considered by many to be pathognomonic for 
breast cancer, is usually caused by benign condi-
tions, most frequently papillomas and papillo-
matosis (Tabár et al., 1983). In contrast, extensive 
nipple retraction is associated with a tumour 
deep to the nipple causing retraction of the nipple 
towards the tumour. Serious nipple changes such 
as eczema and areola, with or without retraction, 
often accompanied by erythema and unpleasant 
or painful sensations, may be caused by Paget 
disease, which is associated with invasive or in 
situ breast cancer. As the disease advances, the 
surface of the skin breaks down, with a resulting 
oozing of fluid. A palpable tumour and nipple 
retraction are late symptoms of Paget disease. 
Any nipple rash or itchy, dry skin in or around the 
nipple should be brought to medical attention.

Early diagnosis of breast cancer can be facil-
itated by clinical breast examination or breast 
self-examination (see Sections 2.3 and 2.4, 
respectively).

Women referred with suspected breast cancer 
rarely require open surgery and usually undergo 
clinical assessment by a surgeon, oncologist, or 
radiologist, diagnostic imaging (magnetic reso-
nance imaging or ultrasonography), and percu-
taneous tissue sampling (core needle biopsy 
provides greater sensitivity and specificity than 
fine-needle aspiration cytology) (Hukkinen et 
al., 2008). Triple assessment (comprising clin-
ical examination, imaging, and tissue sampling) 
is an approach that is cost-effective, easy to 
perform, and time-saving but is achieved only in 
high-resource settings with excellent diagnostic 
imaging facilities and pathology services. In the 
lowest-resource settings, as in many countries 
in sub-Saharan Africa, clinical assessment is 



Breast cancer screening

87

usually performed by biopsy. Improved breast 
cancer survival rates and reduced mortality 
were already observed in high-income countries 
before the introduction of widespread mammog-
raphy screening (see Fig. 1.3; Sankaranarayanan 
et al., 2010; Tryggvadóttir et al., 2010). This has 
been attributed to increased breast awareness, 
improved medical assessment, early clinical 
diagnosis, the introduction of national universal 
medical insurance, and improved access to treat-
ment (Taylor et al., 2003).

1.5.3 Screening asymptomatic women

Screening asymptomatic women, as part 
of early detection, includes both performing 
mammography screening at specified inter-
vals and referring those women with positive 
screening findings for further diagnostic inves-
tigations and possibly treatment. Screening 
programmes may be either organized or unor-
ganized (opportunistic) programmes (von Karsa 
et al., 2014a).

The main objective of screening asympto-
matic women of appropriate age and average risk 
is to enable adequate treatment before the cancer 
poses a more serious threat to the individual 
woman (Fig. 1.21; Wilson & Jungner, 1968; Duffy 

Fig. 1.21 Early detection of breast cancer through screening asymptomatic women or early 
diagnosis of symptomatic women
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(A) Time intervals between the appearance of symptoms, the diagnosis, and the start of breast cancer treatment can be weeks to several months, 
depending on access to specialized care.
(B) Earlier diagnosis and good access to treatment may increase life expectancy and reduce serious consequences of the disease. Some 
overdiagnosis may also occur.
(C) Screening asymptomatic women leads to even earlier detection and treatment of breast cancer, albeit with some overdiagnosis but with a 
significantly increased life expectancy and less serious consequences of the cancer, provided screening services are adequate. The time intervals 
between positive screening results or the appearance of symptoms and the diagnosis and the start of treatment should be as short as possible.
Well-organized screening programmes can shorten the interval between diagnosis and the start of treatment by prompt referral to qualified 
clinical units. They also provide an organizational framework for implementing the quality assurance.
Adapted with permission from de Koning (2009). The mysterious mass(es). [Inaugural address, Professor of Screening Evaluation.] Rotterdam, 
Netherlands: Erasmus MC. Available from: http://repub.eur.nl/res/pub/30689/oratie.pdf. (Figure 1, p. 7) and from Stewart BW, Wild CP, editors 
(2014). World Cancer Report 2014. Lyon, France: International Agency for Research on Cancer.

http://repub.eur.nl/res/pub/30689/oratie.pdf
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et al., 2003; Perry et al., 2006, 2008; de Koning, 
2009). As in any form of early detection, access 
to prompt and effective diagnosis and treat-
ment is key to achieving the potential benefit of 
breast cancer screening (von Karsa et al., 2014a). 
In practice, less than one third of the breast 
cancers detected by mammography screening 
would also be detectable by clinical examination 
(Friedman et al., 2013). Also, some subtypes of 
breast cancer are more frequently detected at a 
more advanced stage, irrespectively of whether 
through screening or symptomatically (Tabár et 
al., 2014).

(a) Appropriate balance of benefits and harms

In recent decades, the principles of screening 
established by WHO in 1968 have been extended 
through experience gained from the implemen-
tation of population-based cancer screening 
programmes (WHO, 2007, 2013a, b). The careful 
consideration of the harm–benefit balance 
associated with the implementation of a cancer 
screening programme is particularly impor-
tant in breast cancer screening, given the large 
number of women potentially involved. 

The principal benefits of screening are the 
avoidance of death due to breast cancer (IARC, 
2002; see Section 5.2), or of other serious 
consequences, such as advanced-stage breast 
cancer (Taplin et al., 2004; Norman et al., 2006; 
Malmgren et al., 2014; Fig.  1.21). The primary 
harms of screening include the morbidity and 
mortality from the procedures for detection and 
diagnosis, false-positive tests, overdiagnosis, and 
the side-effects of treatment (Sections 5.3.1–5.3.4). 
Another reported harm is anxiety, particularly 
when further investigation is required after a 
mammogram (see Section 5.3.5).

Exposure to these risks in the absence of any 
direct health benefit is of particular concern.

(b) Organized, population-based programmes

Organized programmes are characterized by 
centralized screening invitations to a well-de-
fined target population, systematic call and recall 
for screening, delivery of test results, investiga-
tions, treatment and follow-up care, centralized 
quality assurance, and a programme database 
with linkages to other information systems, such 
as cancer registration systems and death regis-
tration systems, for monitoring and evaluation 
of the programme. Implementation of organized 
and opportunistic screening programmes is 
presented in Section 3.2, by WHO regions. 

Most breast cancer screening programmes 
offer mammography to normal-risk women 
beginning at age 40–50 years and ending at age 
69–74  years, typically at 2-year intervals (von 
Karsa et al., 2014b). The screening policy of 
an organized programme defines at least the 
screening protocol, the repeat interval, and 
the determinants of eligibility for screening. 
Effective communications should also be 
supported (Giordano et al., 2006; Webster & 
Austoker, 2006; Robb et al., 2010), enabling 
women to make an informed decision about 
whether to participate (Giordano et al., 2006, 
2012; von Karsa et al., 2014a). In addition, 
organized programmes include an administra-
tive structure, which is responsible for service 
delivery, including follow-up of detected lesions, 
quality assurance, and evaluation. Organized 
screening programmes generally include a 
national or regional implementation team, which 
is responsible for coordinating the delivery of 
the screening services, maintaining the requisite 
quality, reporting on performance and results, 
and defining standard operating procedures. 
In addition, information about all new cases 
and deaths from breast cancer occurring in 
the defined population served by the screening 
programme enables an estimate to be made of 
the impact of the programme on breast cancer 
mortality (IARC, 2002). Ideally, this can be 
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achieved through linkage of individual data 
from a PBCR and a screening registry, if avail-
able (von Karsa & Arrossi, 2013; Anttila et al., 
2014).

(c) Opportunistic programmes

Opportunistic programmes are not tailored 
to a predetermined eligible population and 
provide screening tests on request or at the time of 
routine health examinations. These programmes 
are less amenable to quality assurance than 
population-based screening, due, among other 
things, to the lack of administrative and organ-
ization infrastructure (de Gelder et al., 2009). 
They rely on the initiative of individual health-
care providers to offer screening or to encourage 
participation in a screening programme or 
outside the context of any programme (so-called 
wild screening). Organized breast screening 
programmes reach women who have not partic-
ipated in opportunistic screening (Chamot et al., 
2007; Gorini et al., 2014).

(d) Quality assurance of screening 
programmes

Quality assurance in breast cancer screening 
programmes goes beyond the need to ensure 
that any medical intervention is performed 
adequately, efficiently, and with minimum risk 
and maximum benefit. Screening involves a 
complex sequence of events and interrelated activ-
ities (see Fig. 1.22 for a summary of the process). 
To achieve maximum benefits with minimum 

risk, quality must be optimal at every step of 
the screening process (Perry et al., 2006, 2008; 
von Karsa & Arrossi, 2013). This can be achieved 
by a coordinated approach to programme plan-
ning and management, and by the availability 
of adequate human, financial, and technical 
resources. Overall, in Europe, the proportion of 
expenditure devoted to quality assurance should 
be no less than 10–20%, depending on the scale 
of the programme (Perry et al., 2013b; von Karsa 
et al., 2013, 2014a).

Numerous countries have adopted regu-
lations, guidelines, and recommendations 
covering different aspects of quality assurance of 
mammography screening (Sibbering et al., 2009; 
Ellis, 2011; Gemeinsamen Bundesausschuss, 
2011; Tonelli et al., 2011; Smith et al., 2012; 
BMV-Ä/EKV, 2014). The European Commission 
has published comprehensive multidisciplinary 
European guidelines for quality assurance in 
breast cancer screening and diagnosis (Perry et 
al., 2006, 2008, 2013a), and for establishing a 
population-based cancer screening programme 
(Lynge et al., 2012; Perry et al., 2013b; von Karsa 
& Arrossi, 2013; von Karsa et al., 2013) (see 
Section 3.2 for further information by country/
region). In the USA, the Mammography Quality 
Standards Act (MQSA) made accreditation 
of mammography facilities mandatory (FDA, 
2014). Professional and scientific societies 
provide additional guidance and standards, and 
training and technical support for the achieve-
ment of the standards, such as in preparation 

Fig. 1.22 The process of cancer screening

Adapted from von Karsa (1995) with permission from Deutscher Ärzte-Verlag.
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for accreditation, including comprehensive 
audits of professional and organizational perfor-
mance (D’Orsi et al., 2013; American College 
of Surgeons, 2014; Canadian Association of 
Radiologists, 2014). 

It may take several years to implement a 
population-based cancer screening programme, 
from the beginning of planning to completion 
of roll-out across an entire country or region. 
Sustainable institutional capacity is useful for 
programme management; computerized infor-
mation systems, registration of breast cancer 
cases in the population, in screening registries 
and other data repositories and institutions are 
needed to collaborate in monitoring and evalu-
ation, for regular audits of programme perfor-
mance, and to assure the technical quality of 
equipment and services.

International collaboration can compensate 
for a local shortage of expertise in any given 
country, to facilitate process evaluation and 
avoid unnecessary delays in establishing fully 
functional screening programmes (von Karsa et 
al., 2014a).

(e) Denominators

As pointed out in the Working Procedures of 
this Handbook, the evaluation of the efficacy and 
effectiveness of breast cancer screening should 
measure the impact of a specific intervention, 
procedure, regimen, or service (Porta, 2008). The 
terms “breast cancer screening” and “mammog-
raphy screening” are ambiguous; they may refer 
either to the invitation of women intended to be 
screened or to their actual participation by under-
going a screening mammogram. It is crucial to 
properly differentiate between the two concepts 
in order to evaluate breast cancer screening and 
to accurately interpret published reports.

The number of women, invited or partic-
ipating, provides the denominator when the 
results of a screening programme are presented 
as rates or proportions. Results on women 
invited to screening are of particular interest 

to public health authorities when considering 
the potential benefits and harms to the popu-
lation served by the programme. Participation 
in screening is fundamental to estimate the 
actual benefit of breast screening programmes 
and make informed decisions about whether to 
participate. In this Handbook, mammography 
screening programmes are examined using the 
number of women invited as the denominator, 
and the effects of participation in the screening 
programme are examined using the number of 
women participating as the denominator. Due 
consideration is given to the fact that the differ-
ence between the effect of invitation and the 
effect of attendance will depend on the propor-
tion of women participating and so will not be 
generalizable from programme to programme.
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2.1 X-ray techniques

The original technique for mammography 
was introduced by Salomon in Germany in 1913, 
18 years after the discovery of X-rays by Roentgen 
(Salomon, 1913). A mammogram is formed by 
recording the two-dimensional (2D) pattern of 
X-rays transmitted through the volume of the 
breast onto an image receptor. Breast cancer is 
detected radiographically on the basis of four 
major signs: a mass density with specific shape 
and border characteristics, microcalcifications, 
architectural distortions, and asymmetries 
between the radiological appearance of the left 
and right breast (Kopans, 2006). These signs 
are often very subtle, and in order for them to 
be detected accurately and when the cancer is at 
the smallest detectable size, the technical image 
quality of the mammograms must be excellent 
(Young et al., 1994; Taplin et al., 2002). At the 
same time, because ionizing radiation is carcino-
genic, it is desirable that the radiation dose 
received by the patient is as low as is reasonably 
achievable consistent with the required image 
quality (Young et al., 1997). The trade-off between 
imaging performance and radiation doses inevi-
tably involves compromises, and optimization of 
imaging is inextricably linked to technical design 
elements in the imaging system. Fig. 2.1 shows 
examples of mammograms obtained during 
different periods and with different equipment. 
Fig. 2.1a shows a mammogram from one of the 
randomized controlled trials (RCTs) in the early 
1980s; the image is poorly exposed, and both 

the contrast and the spatial resolution are poor, 
making detection of small lesions difficult. The 
mammogram in Fig. 2.1b, from the same era, is of 
much higher quality and illustrates a cancer seen 
on the basis of an irregularly shaped mass (black 
arrow). Fig.  2.1c shows a digital mammogram, 
illustrating the enormous improvement that 
has occurred in both technology and technique. 
Breast positioning, penetration of the tissue, and 
contrast are excellent, allowing visualization of 
a small area of ductal carcinoma in situ (DCIS) 
seen on the basis of microcalcifications, and, 
more importantly, providing the opportunity to 
detect an immediately adjacent high-grade inva-
sive cancer 1.7 mm in diameter.

Excellent image quality is an essential compo-
nent but not, on its own, a sufficient component 
to ensure a high level of accuracy in cancer detec-
tion. Of equal or perhaps greater importance are 
the skill of the radiographer who conducts the 
examination and sets the equipment operating 
factors and the skill, experience, and judgement 
of the radiologist who interprets the images. 
This emphasizes the need for thorough training 
and ongoing maintenance of skills of these 
individuals.

2.1.1 X-ray equipment

Mammography was originally carried out 
using general-purpose X-ray imaging systems. 
Although the principles remain the same, it was 
gradually recognized that the specific imaging 
requirements for effective detection of breast 
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cancer would be better met if equipment were 
adapted specifically for the purpose of mammog-
raphy (AAPM, 1990; NCRP, 2004). Between the 
mid-1960s and 1990, several important tech-
nical improvements were introduced, and these 
resulted in a highly specialized imaging system 
(Feig, 1987; Haus, 1987). A major technical 
change came about in 2000 when the first digital 
mammography systems became available.

Some of the specialized features of mammog-
raphy systems are briefly described here.

Very high spatial resolution is required in 
mammography to allow discrimination of fine 
microcalcifications and morphological features 
of soft tissue structures such as masses. To support 
this resolution requirement, the effective size of 

the X-ray source for mammography (known as 
the focal spot or target) is much smaller than that 
used for most general radiography procedures. 
Modern mammography systems most frequently 
use a nominal focal spot size of 0.3 mm for regular 
mammography and of 0.1 mm for magnification 
procedures (IAEA, 2014).

The spectrum, or distribution of X-rays of 
different energies in the beam, is also specialized 
for mammography (Jennings et al., 1981; Beaman 
& Lillicrap, 1982). To maximize the contrast 
between soft tissues such as normal fibroglan-
dular tissue and carcinoma, it is desirable to use 
an energy spectrum with much lower energies 
than are used for general radiography.

Fig. 2.1 Examples of mammograms of different quality

a b c 

(a) Mammogram produced in the early 1980s. (b) Mammogram from the same era produced with better breast compression, exposure factors, 
and film processing, illustrating a tumour mass (arrow). (c) Mediolateral oblique digital screening mammogram of a woman aged 62 years, 
illustrating a cluster of microcalcifications near the nipple, later diagnosed as high-grade ductal carcinoma in situ (DCIS) 4 mm in diameter, and 
an adjacent area of invasive cancer 1.7 mm in diameter.
Unpublished clinical mammograms kindly provided by (a) Dr Roberta Jong, Toronto, Canada, (b) Dr László Tabár, Falun Central Hospital, 
Sweden, and (c) Dr Pavel Crystal, Mount Sinai Hospital, Toronto, Canada.
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The X-ray spectrum is determined by three 
factors: the material used to form the X-ray target, 
the type and thickness of metallic filter placed in 
the X-ray beam, and the kilovoltage applied to 
the X-ray tube (IAEA, 2014). These factors affect 
both the spectral shape and the intensity of X-rays 
in the beam that is incident upon the breast for 
imaging. Two other variables directly influence 
the amount of X-rays incident on the breast, but 
not the contrast characteristics of the beam: the 
tube current, typically measured in milliamperes 
(referred to as “the mA”) and the exposure time 
(the time during which this current flows from 
the cathode of the tube to the target to produce 
the exposure).

Decreasing the energy of the X-ray spectrum 
increases the differences in X-ray absorption 
between different tissue types, thereby increasing 
contrast. However, low-energy X-rays are more 
heavily absorbed in the breast, and therefore 
more need to be used to obtain an acceptable 
number of photons reaching the imaging system. 
This results in an increased radiation dose to 
the breast. As in any type of X-ray imaging, a 
compromise is required between maximizing 
contrast and controlling radiation dose.

In 1967, a specialized mammography tube 
was introduced by Gros in France (Gros, 1967). 
The tube was equipped with a molybdenum (Mo) 
target, rather than the tungsten used in gener-
al-purpose tubes. Mo emits characteristic X-rays 
at 17.5 keV and 19.5 keV in addition to a broad-
er-energy bremsstrahlung spectrum (X-rays 
emitted when an electron suddenly slows down 
when impinging on a target material). Operated 
at a tube potential of 24–32 kV for imaging using 
a screen-film detector, the tube provides a more 
optimal compromise between low energy (with 
high contrast and the accompanying high dose) 
and a more-penetrating, high-energy spectrum 
that allows low-dose imaging but at the penalty 
of reduced image contrast.

The Mo target is typically used in conjunc-
tion with an external Mo beam filter. X-ray 

attenuation of the Mo filter increases sharply 
just above the characteristic energies emitted by 
the Mo target, creating a relatively transmissive 
energy “window” that allows the characteristic 
X-rays (emitted just below the K-edge energy of 
Mo) to pass through the filter and expose the 
image. The result is selective removal of both the 
low-energy and high-energy X-rays, leaving a 
fairly narrow spectrum (Fig. 2.2) with an effec-
tive energy suitable for imaging the breast.

In general radiography, it is customary to 
compensate for increased body-part thick-
ness or attenuation properties by adjusting the 
kilovoltage applied to the tube (IAEA, 2014). 
However, when the spectrum is formed largely 
with characteristic X-rays, as is the case with many 
mammography systems, changing the kilovoltage 
has a limited effect on the energy spectrum, and 
this could make it difficult to adequately penetrate 
dense breast tissue to obtain the required image 
contrast in some parts of the breast. Inadequate 
contrast could result in cancers being missed. To 
alter the effective energy of the beam to a greater 
degree, most modern mammography systems 
provide a second, readily interchangeable filter, 
typically composed of rhodium (Rh). Together 
with a selection of increased kilovoltage, this 
Mo–Rh combination provides a more-pene-
trating spectrum than is possible with the Mo–
Mo target–filter combination. A further increase 
in energy can be achieved by fitting the X-ray 
tube with dual target materials, for example 
with a Rh target in addition to the standard Mo 
target. The higher energy of the characteristic 
X-rays from Rh provides a more-penetrating 
beam, albeit with lower contrast. Depending on 
the breast thickness and fibroglandular content 
(often referred to as breast density), target–filter 
combinations of Mo–Mo, Mo–Rh, or Rh–Rh can 
today be selected and used in conjunction with 
a kilovoltage selection that optimizes imaging 
performance.
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2.1.2 Screen-film mammography

To achieve high spatial resolution, the first 
mammograms were recorded on film exposed 
directly to X-rays (IAEA, 2014). The X-rays 
produce a latent image on the film, and this image 
is rendered visible by chemical processing of the 
film emulsion. This causes the silver bromide in 
the emulsion to be converted to metallic silver, 
which appears black upon trans-illumination of 
the processed film with white light. The degree of 
blackness, or optical density, increases with the 
amount of exposure of the film, which, in turn, 
is related to the transmission of X-rays through 
the breast. The optical density provides the visual 
signal, conveying information to the radiologist 
about the breast composition and the presence 
of suspicious lesions. Cancers and microcalci-
fications tend to be more absorbing of X-rays 
than fat or normal fibroglandular tissue; they 

therefore appear as areas of decreased optical 
density (white), whereas the fatty areas appear 
darker.

The characteristic curve of a mammography 
film is shown schematically in Fig. 2.3. The char-
acteristic curve of the film transforms the X-ray 
fluence transmitted through the breast into the 
optical density of the processed film. Because 
the curve is sigmoidal in shape, the brightness 
of the image at each point will vary nonlinearly 
with X-ray exposure. The curve also transforms 
the contrast in the X-ray fluence transmitted 
through the breast into a difference in the optical 
density of the processed film (the displayed image 
contrast). Therefore, the displayed contrast is 
dependent on the gradient or slope of the char-
acteristic curve at each point. Because the curve 
is nonlinear, the displayed contrast, which would 
ideally depend only on the tissue composition 
and the presence of lesions in the breast, also 

Fig. 2.2 Use of selected target materials and K-edge filters to define the energy spectrum for 
mammography
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depends on the degree of X-ray exposure to the 
film at each point.

In the earliest systems, the fraction of inci-
dent X-rays interacting with the film (referred to 
as the quantum efficiency) was very low, and so a 
relatively high exposure was required to achieve 
a useful working optical density, to provide 
adequate image brightness and contrast.

In the mid to late 1970s, non-screen film was 
largely replaced by dedicated mammographic 
screen-film image recording systems (Haus, 
1987). Typically, these use a single thin screen to 
preserve spatial resolution and a film coated with 
emulsion on only one side. The system is used 
with a back screen, i.e. the X-rays pass through 
the film to strike and be absorbed by the phosphor 

of the screen, and the light emitted by the screen 
travels backwards towards the breast to be 
absorbed by the film emulsion. Intimate screen-
film contact is essential for good resolution, and 
several different mechanisms have been used 
to maintain contact, including sealable plastic 
vacuum envelopes and cassettes containing a 
foam layer behind the screen to serve as a spring. 
These systems are considerably more sensitive to 
X-rays compared with non-screen film, and the 
peak gradient occurs at a much lower exposure. 
Further improvement in image quality came 
about, stimulated to a considerable extent by 
Logan-Young, a radiologist in Rochester, New 
York, USA, who brought together radiologists 
and scientists to promote scientific analysis of 
the performance of mammography systems and 
their technical advancement (Logan-Young & 
Muntz, 1979).

Rare-earth phosphor screens, which were 
introduced in the 1980s and improved progres-
sively over the next decade (Brixner et al., 1985), 
provided a large increase in sensitivity. This 
occurred both through improved quantum effi-
ciency of the screen compared with film alone 
and because of the amplification resulting when 
one X-ray, carrying say 20 keV, was absorbed and 
created thousands of light quanta, each carrying 
only 2–3 eV.

Logan-Young also advocated the use of firm 
compression of the breast during exposure. 
Compression serves several important purposes 
in improving image quality while reducing doses. 
It spreads out the tissues, reducing superposition, 
and thereby makes the boundaries of lesions 
easier to see. With a thinner breast, the trans-
mission of primary radiation is higher, allowing 
a dose reduction while at the same time reducing 
the scatter-to-primary ratio of the X-ray beam 
exiting the breast and incident on the imaging 
system. More-uniform breasts represent less of 
a range of X-ray intensities and therefore require 
less exposure latitude or dynamic range from the 
film. This allows the use of higher-gradient films, 

Fig. 2.3 Characteristic curve of mammographic 
screen-film X-ray detector
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thereby offering greater contrast. When the 
breast is immobilized, there is less image blur-
ring due to anatomical motion, and therefore 
improvement in spatial resolution. Compression 
also reduces the degree of geometric magnifica-
tion of tissues within the breast, since all parts 
of the breast are closer to the imaging system. 
This last factor reduces the amount of blurring 
caused by the X-ray focal spot, again improving 
spatial resolution. Inadequate compression can 
contribute to poor image quality and reduce the 
detectability of small or subtle lesions.

Even at the relatively low energies used for 
mammography, X-rays scattered in the breast and 
recorded by the image receptor are still a major 
problem, degrading image quality by producing 
a haze over the image, reducing the contrast 
produced by the directly transmitted primary 
X-rays, and also adding random quantum noise 
without providing useful information (IAEA, 
2014). The scatter-to-primary ratio at the image 
receptor can be as high as 0.6–1.0. When film is 
used to record the image, part of its limited range 
is “used up” in recording scattered radiation. In 
the 1980s, specially designed anti-scatter moving 
grids were introduced for mammography. These 
grids reduced the scatter-to-primary ratio to 
about 0.1, thereby markedly improving image 
contrast. However, a grid does not transmit all 
of the useful primary radiation; some is blocked 
by the septa of the grid, and some is absorbed in 
the interspace material that separates the septa. 
In addition, because some of the film-darkening 
energy of scattered X-rays is removed from the 
beam, it is necessary to increase the patient’s 
exposure to maintain the chosen film optical 
density. The resulting Bucky factor (the factor 
by which patient dose must be increased) when 
a grid is used is about 2.5–3. Nevertheless, the 
improvement is considered so important that 
grids are now routinely used in mammography. 
For medium to large breasts of medium to high 
density, the gridless technique is now consid-
ered inadequate for film mammography, due to 

insufficient contrast and significantly decreased 
visibility of cancers in such breasts.

A major improvement in mammography 
technology was the introduction of automatic 
exposure control (IAEA, 2014). One of the limi-
tations of radiographic film is that the gradient 
of the characteristic curve varies with exposure 
level. It is very small at low and high exposures 
and has a maximum value within a limited range 
of intermediate exposures. It is difficult for the 
technologist to determine the appropriate expo-
sure factors to ensure that the most important 
part of the breast parenchyma is imaged with the 
highest gradient. The automatic exposure control 
incorporates a sensor located beyond the image 
receptor (so that the shadow of the sensor is not 
seen on the mammogram) that discontinues the 
exposure when a predetermined amount of radi-
ation has fallen onto the sensor. The location of 
the sensor can be moved around the image plane 
to select the area of anatomy of greatest interest. 
The automatic exposure control played a very 
important role in improving the consistency 
of film optical density, contrast, and radiation 
exposure in mammography.

Modern mammography systems have 
advanced further in terms of automatic selec-
tion of exposure parameters (IAEA, 2014). The 
X-ray attenuation of the breast depends on both 
compressed thickness and composition. Whereas 
the automatic exposure control controls only the 
exposure time according to the overall attenua-
tion of the breast, it is valuable to tune the X-ray 
spectrum according to compressed breast thick-
ness and composition. This can be done by meas-
uring both the compressed breast thickness, by 
means of a sensor attached to the compression 
device, and the rate of X-ray transmission through 
the breast. The rate can be determined via a 
short test exposure (lasting only a few millisec-
onds) conducted at the beginning of the imaging 
sequence using standard exposure conditions 
appropriate for the breast thickness. Based on the 
measured transmitted X-ray exposure rate, the 
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choice of X-ray target, filter, and kilovoltage can 
be adjusted automatically by the mammography 
equipment to optimize penetration and contrast 
in imaging, providing a better balance between 
image quality and radiation dose for each image 
produced.

2.1.3 Digital mammography

Despite the established value of film-based 
mammography for diagnosis and screening, 
screen-film mammography has several techno-
logical shortcomings that reduce its accuracy. 
Most of these stem from the fact that film is used 
both as part of the detector for image acquisition 
and as a display device. This necessitates certain 
compromises in performance for each of these 
roles. Because the gradient of the characteristic 
curve of the film depends on the exposure level 
(Fig. 2.3), the image contrast between tissues in 
the breast is reduced at both low and high expo-
sures, corresponding to the most radiopaque 
and radiolucent parts of the breast. This loss of 
contrast can impair the visibility of structures 
within the breast in the image. Attempting to 
improve contrast by using a film emulsion with a 
higher gradient only reduces the exposure range 
over which the contrast is high (the exposure lati-
tude or dynamic range), again causing parts of 
the breast to be imaged suboptimally.

Digital mammography attempts to overcome 
these limitations by decoupling image acqui-
sition from display and archiving functions, 
and optimizing each separately. An electronic 
detector replaces the screen-film system for 
acquisition. Images are stored in digital form in 
computer memory and displayed on a high-res-
olution monitor. Additional advantages of digital 
mammography are the ability to make a detector 
that has increased quantum efficiency while 
maintaining spatial resolution, the elimination 
of the components of image noise due to film 
granularity and non-uniform sensitivity of the 
phosphor screen, the possibility of more-efficient 

approaches to reducing the effects of scattered 
radiation, and the ability to perform quantitative 
operations or analysis on the digital images.

Several different detector technologies have 
been developed and used for digital mammog-
raphy. Further information on this topic is avail-
able (Pisano & Yaffe, 2005; Yaffe, 2010a).

Unlike screen-film technology, in which the 
elements of a phosphor X-ray absorber in contact 
with a film coated with photographic emulsion 
in a light-tight cassette are fairly common across 
all vendors, there is more diversity in the tech-
nology used for digital mammography, espe-
cially for the X-ray detectors used. This leads to 
differences in spatial resolution, signal-to-noise 
ratio, scatter-rejection characteristics, and radi-
ation doses delivered to the breast. The photo-
stimulable phosphor system, also often referred 
to as computed radiography, was introduced as a 
generic technology for use in digital mammog-
raphy. In a series of physics measurements, 
computed radiography was found to have inferior 
performance characteristics, in terms of spatial 
resolution and signal-to-noise ratio at equivalent 
dose to the breast, to the other digital mammog-
raphy technologies, which are typically collec-
tively referred to as digital radiography systems 
(Young & Oduko, 2005; Yaffe et al., 2013).

These findings were later corroborated 
by observations of lower cancer detection 
rates and positive predictive values (PPVs) in 
screening programmes (Chiarelli et al., 2013) 
where computed radiography systems were used 
compared with those obtained with other types 
of digital mammography systems. Subsequently, 
the use of computed radiography systems was 
prohibited in the Ontario, Canada, screening 
programme. Similar observations were also made 
in the breast screening programme in France 
(INCa, 2010). Overall, among mammography 
systems, digital radiography systems appear to 
produce the highest and most consistent diag-
nostic image quality with a lower radiation dose.
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Although digital mammography has consid-
erably wider exposure latitude than screen-film 
mammography, it must still be optimized to 
provide excellent image quality at the lowest 
dose consistent with those quality requirements. 
The automatic exposure control need not be set 
to provide a target image optical density, as this 
can be adjusted on the computer monitor during 
image display, but instead a target image signal-
to-noise ratio. There is also evidence that perfor-
mance will be more optimal if digital systems 
are used with X-ray spectra of slightly higher 
beam quality than those used for screen-film 
mammography (Berns et al., 2003; Huda et al., 
2003; Young et al., 2006).

(a) Image processing of digital mammograms

The digital mammogram is recorded on 
a numerical scale, where each pixel is given a 
value from 0 to 16 383 (where 16 383 represents 
the maximum transmitted X-ray intensity) 
(Yaffe, 2010b). This range exceeds the capability 
for optimal viewing by the human eye and also 
that of electronic display devices. Various types 
of image processing can be used to improve the 
conspicuity of relevant anatomical information 
before display by compressing or transforming 
this range and by correcting for certain imperfec-
tions in the imaging system. The first operation is 
commonly referred to as flat-fielding, gain correc-
tion, or uniformity correction. Detectors used to 
produce digital images frequently contain many 
(several million) elements, referred to as dels or 
pixels. These tend to vary slightly in sensitivity. In 
addition, the X-ray beam is not perfectly uniform 
in intensity. This causes variations across the 
image that would create fluctuations in the image 
unrelated to any features of the breast itself, a 
type of image granularity (referred to as struc-
tural or fixed-pattern noise). Fortunately, with 
digital technology these variations are generally 
temporally quite stable. The point-to-point fluc-
tuations can be removed by recording an image 
of a uniform slab of X-ray absorbing material and 

using it to correct all subsequent images, thereby 
creating a very uniform image field.

It is also possible to improve the sharpness 
of display by various edge enhancement tech-
niques, such as unsharp masking. Here, a blurred 
version of the original mammogram is made by 
filtering the image in the computer with a func-
tion that controls the degree of blurring. When 
this blurred mask is subtracted from the original 
image, the resulting difference image is composed 
mainly of the sharp features of the mammogram 
without the broad area structures. This edge map 
is then added to the original image to provide 
enhancement of the edges of microcalcifications, 
fine fibres, and blood vessels. The amount of 
edge enhancement is controlled by a weighting 
constant by which the edge image is multi-
plied before the addition takes place. Excessive 
enhancement also increases the intrinsic granu-
larity of the image, and such noise can interfere 
with image interpretation. After flat-field correc-
tion and sharpening have been applied to the 
image, it is referred to as the “for processing” or 
“raw” digital mammogram.

A useful image processing feature applied to 
digital mammograms is referred to as periph-
eral equalization. The breast varies in thickness, 
and therefore in attenuation of X-rays, from the 
central region out towards its periphery. Such a 
variation in X-ray transmission is seldom rele-
vant to the task of detecting suspicious compo-
sitional changes in the breast, and its recording 
would waste part of the limited display range of 
the viewing monitor. Therefore, it is common 
to implement a correction to the image that 
suppresses the overall change in image signal due 
to the changes in breast thickness, preserving the 
range to allow more-sensitive detection of lesions 
(Byng et al., 1997; Stefanoyiannis et al., 2000).

Another means of enhancing the display is 
through modification of the histogram of image 
display values. If the histogram is calculated, it 
is frequently found that certain display values 
are not used or are used infrequently. Histogram 
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equalization is a technique to remap the image 
display values so that all grey levels in the display 
are used with approximately equal frequency. 
This can help to make better use of the capa-
bility of the display (Pizer et al., 1987; Pisano 
et al., 1998; Goldstraw et al., 2010). The correc-
tion is applied in small subregions of the image 
to optimize the local contrast. Again, care must 
be taken to control the amplification of display 
contrast to avoid excessive appearance of noise. 
After these operations have been applied to the 
original “for processing” image, it is referred to 
as the “for presentation” image.

(b) Display of digital mammograms

Digital mammograms can be printed; 
however, the advantage of being able to manipu-
late the brightness, contrast, and sharpness of the 
images interactively while viewing them is then 
lost. High-resolution, 5-megapixel monitors are 
available for “soft copy” display, and this is now 
the preferred means of viewing and interpreting 
digital mammograms (IAEA, 2014).

The final, and perhaps most useful, image 
processing operations are look-up table modifi-
cations. Most digital mammography systems are 
configured such that this is done by the radiologist 
interactively while viewing the “for presentation” 
image. The range of values of a digital mammo-
gram exceeds the sensitivity capability of the eye 
for contrast perception and also the capability 
of most electronic display devices. Typically, on 
a monitor it is considered feasible to display the 
image in terms of 10 bits or 1024 shades of bright-
ness at any one time. A look-up table is used by 
the digital mammography computer to map the 
original range of image data at 16 384 levels to the 
1024 levels available for display (Pisano, 2004).

A simple use of look-up table modification, 
illustrated in Fig.  2.4, is called linear scaling 
and clipping. It is familiar to users of computed 
tomography systems, where a window level, L, is 
set, which describes the image value that will be 
displayed as the mid-value of display intensity, 

and a window, W, is chosen, which is the range 
of original image values to be displayed. Image 
values below L  −  W/2 are displayed as black, 
and those above L  +  W/2 are displayed at the 
maximum intensity of white. Intermediate 
values are displayed on a linear range of grey 
values between black and white, so that the entire 
range of display values is used. This allows the 
user to ensure that the anatomy of interest will be 
viewed in the optimal part of the display bright-
ness as well as to adjust contrast as desired. By 
controlling WL, the display window can be used 
to inspect regions of the breast that vary greatly 
in density. The degree of contrast with which 
the image is displayed is increased (without the 
necessity to re-image the breast) by reducing W.

The value of W can be reduced until the 
appearance of noise in the displayed image 
becomes unacceptable. This is determined by the 
intrinsic noise of the image acquisition, which, 
in turn, can be controlled by the use of very-low-
noise X-ray detection systems and by the dose to 
the breast. The dose can be chosen according to 
the required signal-to-noise ratio for a particular 
imaging situation, rather than by the need to 
produce an image of a given “brightness”.

More generally, it may be found that other, 
nonlinear mappings from image intensity to 
display brightness may be more suitable. These 
may be found to better compensate for deficiencies 
in the display device or for the perceptual char-
acteristics of the observer. An optimal look-up 
table modification remains to be determined.

One of the important advantages of digital 
imaging is that these image processing features 
can be turned on and off instantly to allow the 
radiologist to view the images under different 
enhancement conditions. This can facilitate deci-
sions about whether suspicious structures are 
real or artefactual. Although very sophisticated 
image processing is possible, it is likely that the 
main benefit of image enhancement will derive 
from relatively simple operations that improve 
contrast in dense regions or sharpen subtle 
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structures. The optimal manner in which to 
display image contrast scales, the possible value 
of equalization, and the role of edge enhance-
ment and other image sharpening techniques in 
digital mammography must be carefully investi-
gated in terms of their efficacy.

Another important advantage of digital 
mammography is the immediate availability of 
current and previous examinations. Comparison 
with previous mammograms is extremely 
valuable for screening mammography, consid-
ering that each breast is individually different. 

Consideration of changes from a previous 
mammogram allows detection of subtle abnor-
malities, whereas a finding that is stable over 
time may not require a recall.

Digital mammography has been available 
since 2000. Due to the number of pixels avail-
able on high-resolution monitors (typically about 
5  million), it is usually not possible to present 
even a single mammogram at full resolution 
on a monitor. In screening the radiologist is 
often required to work with eight images, four 
from the current examination and four from a 

Fig. 2.4 Interactive control of image brightness and contrast characteristics during viewing by 
look-up table adjustment

L, window level, digital pixel value set to mid-value of display intensity; W, window, range of original digital pixel values to be displayed between 
full black and full white.
Created by the Working Group.
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previous examination. This implies that multiple 
monitors be used in a digital mammography 
workstation and, even so, that it would be neces-
sary to present images at reduced spatial resolu-
tion when viewing the entire mammogram and 
then to apply zooming or scrolling operations 
to inspect areas of interest at full spatial resolu-
tion. This requires that the image manipulation 
tools provided with the digital mammography 
workstation are fast and user-friendly and that 
the radiologist undergoes a learning process to 
develop a regimen for efficiently and thoroughly 
inspecting the mammograms.

2.1.4 Digital breast tomosynthesis

An important limitation in mammography is 
that it is a projection imaging technique, where 
shadows from structures throughout the thick-
ness of the breast superpose to form the image. 
The conspicuity of a lesion is frequently reduced 
by the obscuring effect of normal fibroglandular 
tissue of similar X-ray attenuation properties 
located along the path of the X-ray beam, above 
and below the lesion. This is most pronounced for 
women with dense breasts (those in which there 
is a high proportion of fibroglandular tissue; see 
Section 2.1.9). Overlap of tissues from different 
planes in the breast creates structural complexity 
in projection images that can mask the presence 
of a cancer in the dense breast, reducing sensi-
tivity, or can mimic the presence of a lesion that 
does not exist, resulting in reduced specificity. 
Reducing the effect of tissue superposition in 
images should improve both sensitivity and 
specificity.

Digital breast tomosynthesis is a technique 
that produces quasi three-dimensional (3D) 
images of X-ray attenuation coefficients from 
a series of about 9–25 projection images (very-
low-dose conventional mammograms) acquired 
over a limited range of angles around the breast 
(Fig. 2.5; Yaffe & Mainprize, 2014). The 3D image 
is created by mathematical reconstruction of 

the data in this set of 2D images. It is possible 
to make lesions more conspicuous by largely 
eliminating the effects of tissue superposition 
from the planar images that are presented. 
Furthermore, the morphology of lesions can be 
appreciated more easily, improving discrimina-
tion between malignant and benign lesions. This 
may simplify the diagnostic imaging algorithm 
by reducing the number of additional assessment 
procedures. Finally, using tomosynthesis, lesions 
can be localized in three dimensions, facilitating 
more accurate planning of surgery or radiation 
therapy.

Tomosynthesis can be performed on a modi-
fied digital mammography system that has a 
motorized gantry system (Niklason et al., 1997; 
Wu et al., 2003). This can be advantageous because 
conventional projection mammography could be 
performed on the same unit as the need arises (for 
screening, magnification viewing, characteriza-
tion of microcalcification, etc.). Reconstruction is 
accomplished using algorithms similar to those 
used for computed tomography (Gordon et al., 
1970; Mueller et al., 1998; Chidlow & Möller, 
2003). Doses can be kept low while maintaining 
high-quality images; the dose for a tomosyn-
thesis examination is of 3–5 mGy, comparable to 
that for a two-view digital mammography (Yaffe 
& Mainprize, 2014).

The reconstructed images are often viewed 
as a “movie loop” in which adjacent x–y planes 
(parallel to the X-ray detector) are displayed 
sequentially and resemble a series of 2D mammo-
grams, each representing a “slice” of tissue in the 
breast (Yaffe & Mainprize, 2014). Within these 
2D images, the spatial resolution (x–y plane) is 
the same as or similar to that of a conventional 
digital mammogram (0.05–0.14  mm), but the 
slice-to-slice resolution (z plane) is considerably 
coarser (0.5–1  mm). Also, because a complete 
range of angular data is not obtained, the data set 
is highly undersampled, giving rise to artefacts.

The quality of the reconstructed image and 
the dose to the breast are dependent on the 
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angular range and number of projections, the 
dose used per projection, and the performance 
of the X-ray detector and electronics.

An examination that consists of the 3D 
mammogram plus the conventional 2D mammo-
gram requires a higher total radiation dose to the 
breast than either mammogram alone. Once a 3D 
data set has been created, it is possible to synthe-
size 2D views by projecting through the data set 
onto traditional 2D planes, thereby simulating 
either the craniocaudal or mediolateral oblique 
views. This can be done without any additional 
radiation dose, and appears to provide acceptable 
image quality and adequate clinical performance 
(Skaane et al., 2014a; Zuley et al., 2014).

Studies on the performance of tomosynthesis 
are presented in Section 5.5. Radiation doses are 
discussed in Section 2.1.6.

2.1.5 Breast computed tomography

The availability of flat-panel digital radiog-
raphy detectors has stimulated recent efforts 
to develop true 3D dedicated breast computed 
tomography systems. These consist of a table on 
which the patient lies in the prone position with 
the breast pendant into the centre of a digital 
X-ray system that rotates in a horizontal plane 
below the table (Boone et al., 2001). These systems 
produce tomographic images, with isotropic 
spatial resolution elements, although spatial 
resolution is generally designed to be coarser in 
the x–y plane compared with tomosynthesis to 
allow control of the required radiation doses to 
achieve adequate signal-to-noise ratio. Clinical 
evaluation of prototype breast computed tomog-
raphy systems is currently under way (Chen & 
Ning, 2002, 2003; Lindfors et al., 2008).

Fig. 2.5 Schematic of a digital breast tomosynthesis system

The X-ray source moves in an arc around a pivot axis, generally placed near the breast support.
Reprinted from Yaffe & Mainprize (2014). Radiologic Clinics of North America, Volume 52, issue 3, Digital tomosynthesis: technique, Pages 
489–497, Copyright (2014), with permission from Elsevier.
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2.1.6 Radiation dose

The majority of the X-ray dose received from 
mammography examinations is to the breast. 
With proper imaging technique, the thyroid is 
not exposed to direct radiation and receives only 
a very small dose scattered towards the thyroid 
from breast tissue. Similarly, if a woman is preg-
nant, the direct dose received by the embryo 
or fetus is close to zero. The small amount of 
radiation directed towards the pelvis is greatly 
reduced, first by attenuation by the breast and 
the breast support of the mammography unit, 
then by X-ray absorption by tissue overlying the 
conceptus, and finally due to the distance from 
the breast.

In the early use of mammography, the image 
was recorded on direct-exposure film without 
intensifying screens. It is estimated that the dose 
to each breast of average compressed thickness 
and composition from a two-view examination 
was on the order of 30 mGy (Conway et al., 1994). 
The xeroradiographic method, using a sheet of 
amorphous selenium as the X-ray detector, was 
introduced in the early 1970s and resulted in 
doses to the two breasts of about 8 mGy (Haus, 
1983; Conway et al., 1994).

A series of technical developments intro-
duced for mammography enabled a reduction of 
the radiation doses received by the breast (Feig, 
1987; Haus, 1987; AAPM, 1990; Yaffe, 1990; 
NCRP, 2004). These included (i) the introduction 
in the late 1970s of intensifying screens, which 
provided improved quantum efficiency (absorp-
tion of the X-rays) compared with direct-ex-
posure film, as well as a high degree of signal 
amplification; (ii)  improved sensitivity of film 
emulsions to light; and (iii)  technical advances 
in the chemistry and technique used to process 
the film. The original screen-film combinations 
for mammography were introduced in the late 
1970s and were used without an X-ray anti-
scatter grid. These required doses to the breast 

of about 1 mGy for the two views (Hammerstein 
et al., 1979; Haus, 1983).

Other technical developments or alterations 
in imaging technique had the effect of increasing 
radiation dose while improving image contrast 
or reducing noise. Factors that caused an increase 
in dose, accompanied by better image quality, 
included (i) use of a grid, which doubled or tripled 
doses but produced much better image contrast; 
(ii)  the necessity to use thin phosphor screens, 
to preserve high spatial resolution; (iii)  use of 
reduced kilovoltage, to improve contrast; (iv) use 
of increased optical density in images, to make 
use of the highest gradient available with the 
film; and (v)  the choice of fine-grained films, 
to reduce the image-degrading effects of film 
granularity. More aggressive compression of the 
breast improved contrast while reducing dose.

The overall result of the many technical devel-
opments that occurred mainly in the 1980s and 
1990s was a major decrease in dose from the levels 
used with non-screen film technology; doses to 
the breast for screen-film mammography in 2000 
were considerably lower than those required 
with xeroradiography (8 mGy) but higher than 
those used with the earliest screen-film systems 
(1 mGy) (Suleiman et al., 1999).

Digital mammography with more-efficient 
X-ray detectors requires lower doses without 
loss of diagnostic accuracy. Digital radiography 
mammography systems operate at doses that are 
on average 22% lower than those used for screen-
film mammography (Table  2.1). However, if a 
system uses an inefficient detector technology 
or is not operated optimally, the doses can be 
similar to or exceed those used for film (Young 
& Oduko, 2005).

The combined procedure of digital mammog-
raphy plus tomosynthesis increases the total 
radiation dose. In their comparison of digital 
mammography versus combined digital breast 
tomosynthesis and digital mammography for 
screening, Skaane et al. (2013) estimated the dose 
as 3.2 mGy for two-view digital mammography 
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alone and approximately 7  mGy (3.2  mGy for 
digital mammography plus 3.9 mGy for digital 
breast tomosynthesis) for the combined proce-
dure (Table  2.1). If the synthesized 2D projec-
tion image can be used to replace the standard 
digital mammography, then no further radiation 
is required than that needed for digital breast 
tomosynthesis alone.

The dose values discussed correspond to 
a standard screening examination with two 
views to each breast. Single-view protocols will 
result in doses that are about 50% lower but 
will increase the risk that some breast tissue 
will not be included in the examination. Those 
women who are recalled due to abnormal find-
ings at screening will have additional imaging 
procedures performed. Ultrasonography and 
magnetic resonance imaging (MRI) are used 
for some purposes, but women may also receive 
additional X-ray views, for example magnifica-
tion mammography. This will result in increased 
dose to those women. The actual increase will 
depend on the specifics of the procedure (e.g. 
whether the entire breast is imaged or only an 
area of concern), but is roughly one half of the 
two-view mammography dose (digital or screen-
film, as appropriate) for each additional X-ray 
image acquired of the breast. Evaluation of the 
radiation risk is presented in Section 5.3.4.

2.1.7 Quality assurance and quality control in 
mammography

The ability of a breast cancer screening 
programme to achieve an impact is heavily 
dependent on two general categories of activities. 
Both fall under the overall umbrella of quality 
assurance (see also Section 1.5.3d).

The first aspect of quality is closely related 
to the operational standards of a screening 
facility or programme. This includes procedures 
for encouraging participation in screening and 
compliance with the recommended screening 
intervals, assessment of positive screening 
findings, and monitoring of performance and 
outcomes. There are many excellent refer-
ences setting out these standards (BreastScreen 
Australia, 2001; Klabunde et al., 2001; NHSBSP, 
2005; Perry et al., 2006a, 2013; CPAC, 2013).

The second category is more closely related 
to the activities of acquiring and interpreting 
the screening images. The ability to detect breast 
cancer with high sensitivity and specificity is 
closely linked to the technical quality of the 
mammograms and the skill of the radiologists. 
These aspects of quality begin with the establish-
ment of appropriate standards for qualifications, 
the training requirements of personnel, the spec-
ifications for the purchase of equipment, and the 
definition of the exposure factors for imaging.

Once an initial high-quality environment is 
established for screening, quality control refers 
to the set of procedures and tests that will enable 
that high quality to be maintained over time. 

Table 2.1 Radiation dose to each breast (mGy) from a two-view examination with different 
mammographic techniques

Reference Screen-film 
mammography

Digital 
mammography

Digital breast 
tomosynthesis

Digital breast 
tomosynthesis + digital 
mammography

Hendrick et al. (2010) 4.7 3.7
Yaffe et al. (2013) 3.2 2.3
Skaane et al. (2013) 3.2 3.9 ~7
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Guidelines for quality control in mammography 
for both screening and diagnostic purposes have 
been developed by many countries and by several 
international organizations (see Hendrick et al., 
2002), including by the International Atomic 
Energy Agency (IAEA, 2009, 2011) and the 
European Reference Organisation for Quality 
Assured Breast Screening and Diagnostic 
Services (EUREF) (Perry et al., 2006b), in 
Germany through mammography screening 
legislation (Kassenärztliche Bundesvereinigung, 
2004), in the United Kingdom through the 
National Health Service (NHS) Breast Screening 
Programme (NHSBSP, 2013), in the USA through 
the United States Food and Drug Administration 
(FDA, 2013) Mammography Quality Standards 
Act (Fintor et al., 1995; Houn et al., 1995; 
Linver et al., 1995) and the American College of 
Radiology (ACR, 2013a), and in Canada (Health 
Canada, 2013) (see Section 3.2 for further infor-
mation by country/region).

Many of the quality control programmes in 
different countries are quite similar in content, 
providing in-depth discussions of the neces-
sary equipment for mammography imaging, 
the standards that the equipment must meet, 
the upkeep of that equipment, the duties and 
qualifications of the radiographers involved in 
performing the procedures, the standards for 
interpretation, recall rates, and the testing proce-
dures performed by medical physicists neces-
sary to confirm that mammography units are 
performing optimally and in accordance with 
applicable regulations. Frequently, ranges are 
defined for the results to define what is acceptable 
(if results fall outside the range, imaging should 
be discontinued until a problem is corrected) and 
achievable (a desirable range for facilities with 
modern equipment and experienced personnel 
to aim for).

The quality control testing programme 
recommended by the International Atomic 
Energy Agency for screen-film mammography is 
given in Table 2.2 and Table 2.3, which outline the 

responsibilities of the radiographers and medical 
physicists, respectively. The corresponding tests 
for digital mammography systems are given in 
Table 2.4 and Table 2.5, respectively.

In addition, several jurisdictions (economic 
regions, countries, states, and provinces) operate 
accreditation programmes for mammography. 
These include components to monitor that 
quality assurance and quality control prac-
tices and procedures are in place. For example, 
accreditation programmes have been imple-
mented by the American College of Radiology 
in the USA (McLelland et al., 1991), the NHS 
Cancer Screening Programme in the United 
Kingdom (Wilson & Liston, 2011), and the 
Canadian Association of Radiologists (Canadian 
Association of Radiologists, 2012).

One critical point to be considered for quality 
assurance is the criterion for credentialing 
professionals involved in the mammography 
process. The team of health-care professionals 
involved in the mammography process includes 
radiologists, radiographers, and medical physi-
cists. Also needed are equipment specifications, 
monitoring and maintenance schedules, stand-
ards for image quality, standardized image eval-
uation procedures, meticulous record-keeping, 
and periodic review of data for outcomes of 
mammography services. All of these require-
ments are of vital importance in ensuring the 
quality of the screening programme.

An opportunity provided by the introduc-
tion of digital mammography is the potential to 
perform automated quality control (Brooks et al., 
1993; Karssemeijer et al., 1995; Jacobs et al., 2006). 
When specially designed phantoms and test 
objects are imaged, relevant information about 
the imaging system can be discerned, and quan-
titative, objective measurements can be produced 
either by manual measurement or by automated 
algorithms. This makes it possible to detect (and 
correct) problems before they become clinically 
significant. Several manufacturers provide test 
tools and algorithms that can be used to verify 
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Table 2.2 Radiographer’s quality control tests for screen-film mammography

Test Prioritya Suggested frequency Tolerances

Visual inspection
Visual inspection and evaluation of the 
mammography unit E Monthly

Film storage
Temperature 
Humidity

E Monthly 15–21 °C 
40–60%

Position of film boxes and cassettes E Monthly

Film inventory D Monthly Time period for inventory updating 
< 3 months

Darkroom and film processing
Darkroom cleanliness E Daily —
Temperature 
Humidity 
Ventilation conditions

E 
E 
D

Monthly 
Monthly 
Monthly

15–21 °C 
30–70%

White light leakage E Annually
Safe lights E Annually Rating ≥ 15 W 

FSL < 0.05 OD in 2 minutes
Developer temperature E Daily Achievable: ± 0.5 °C 

Acceptable: ± 1.0 °C of the manufacturer-
recommended value

Sensitometry E Daily
Development time, specific gravity, pH, 
and replenishment rate

Only when problems 
are detected

Artefact detection during processing E Weekly Acceptable: no clinically significant artefacts
Imaging system
Screen cleanliness E Weekly
Screen-film contact E Semi-annually Acceptable: spots ≤ 5 mm
Light-tightness of cassettes E Semi-annually Acceptable: blackening ≤ 2 mm chest wall 

edge, ≤ 5 mm other edges
Matching of cassette sensitivityb E Semi-annually Achievable: maximum deviation ≤ 0.20 OD 

Acceptable: maximum deviation ≤ 0.30 OD
Cassettes uniformity D Semi-annually Acceptable: maximum deviation ≤ 5% mAs
Artefacts from each cassette E Semi-annually Acceptable: no clinically significant artefacts
AEC
Test of system constancy E Daily Achievable: OD = ODtarget ± 0.15 

Acceptable: OD = ODtarget ± 0.20 
Acceptable: mAs within ± 10% of mAs that 
produces ODtarget 
Acceptable: no clinically significant artefacts

Compensation of the AEC for different 
thickness

E Monthly Achievable: OD = ODtarget ± 0.15 
Acceptable: OD = ODtarget ± 0.20 
Acceptable: ± 10% of baseline mAs

Image quality

ACR phantom score D Weekly Acceptable: fibres: ≥ 4; microcalcifications: 
≥ 3; masses: ≥ 3

OD difference between disc and 
background

D Weekly Achievable: ≥ 0.55 OD 
Acceptable: ≥ 0.40 OD
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optimal performance. Some vendors provide 
automated quality control and tracking.

2.1.8 Mammography screening performance

(a) Interpreter training, skills, and experience

The setting for screening mammography 
is different from that of diagnostic mammog-
raphy, where the woman generally presents with 
symptoms and the probability of cancer may be 
10% or higher. In screening, women are asymp-
tomatic and the cancer detection rates are typi-
cally in the range of 2–8 per 1000 examinations 
(Breast Cancer Surveillance Consortium, 2009; 
CPAC, 2013). Detecting these cancers against a 
background that is overwhelmingly non-cancer, 
while avoiding an unacceptably high abnormal 
recall rate, is a challenging task for the radiol-
ogist and requires training and maintenance of 
skills in identifying subtle signs of small lesions 
with a reasonable likelihood of being cancer. 
This may present a challenge in screening facili-
ties where examination volumes per interpreter 
are low, because a given individual may see only 
one or two screening cancers per year in their 
screening workload.

This challenge can be approached in several 
ways; which, if any, are practical will depend on 
the individual screening environment (avail-
ability of interpreters, population density, etc.). 
One study found that the annual volume of 
examinations interpreted did not predict accu-
racy but that recent training and working in a 

facility where diagnostic mammograms and 
breast intervention procedures were performed 
were predictive of accuracy (Beam et al., 2003). 
Another factor associated with high performance 
in that study was working in a comprehensive 
breast centre or specialized mammography 
facility. These may point to the value of being 
able to gain feedback from the downstream 
outcome of screening through assessment, 
follow-up results, and radiological–pathological 
correlation, and being able to share knowledge 
gained with colleagues. Other studies observed 
a correlation between examination volume and 
screening accuracy (Esserman et al., 2002, Moss 
et al., 2005; Smith-Bindman et al., 2005). In 
addition, Smith-Bindman et al. found that radi-
ologists with more years of screening experience 
tended to have higher specificity compared with 
more junior radiologists.

Other measures that have been implemented 
in large organized screening programmes to 
support the quality of image interpretation 
are outcome audits (cancer detection rates, 
percentage of small invasive cancers, specificity 
or PPV for screening) and review of programme 
interval cancers. Feedback on performance is 
essential for radiologists to improve their skills. A 
well-annotated set of cases, including screen-de-
tected cancers, benign findings, and normal 
breasts, that could be made available for self-ed-
ucation and testing, such as the one developed by 
the University of Washington, USA (Dee, 2002; 
UW Medicine, 2015), may also be valuable.

Test Prioritya Suggested frequency Tolerances

Reject analysis
Reject films analysis E Quarterly Achievable: ≤ 3% 

Acceptable: ≤ 8%
ACR, American College of Radiology; AEC, automatic exposure control; FSL, fog due to the safety light; OD, optical density.
a  D, desirable, recommended; E, essential, basic requirement.
b  This includes speed of screens and cassette attenuation.
From IAEA (2009). Table reproduced with permission from IAEA. IAEA Human Health Series No. 2: Quality assurance programme for screen 
film mammography. IAEA, Vienna (2009).

Table 2.2   (continued)
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Table 2.3 Medical physicist’s quality control tests for screen-film mammography

Test Prioritya Suggested frequency Tolerances

Unit assembly evaluation      
Unit assembly evaluation E Annually  
Sensitometry and darkroom      
Sensitometry and darkroom E At commissioning and 

annually  

Darkroom radiation level D As required Acceptable: < 20 μGy/week
Radiological equipment      
Radiation leakage D At acceptance and 

after changes
Acceptable: ≤ 1 mGy/h at 1 m

Accuracy and repeatability of the tube kVp E Annually Acceptable: accuracy: ± 5%; repeatability: 
COV ≤ 2%

Half-value layer E Annually  

Output: repeatability and linearity E Annually Acceptable: repeatability: COV ≤ 5%; 
linearity: ± 10%

Normalized output value D Annually Acceptable: > 30 μGy/mAs at 1 m, 28 kV, 
Mo/Mo

Compression      
Compression force and thickness E Annually  
AEC      
Repeatability of the AEC E Annually Acceptable: COV in mAs: ≤ 5%
Constancy of OD with baseline value E Annually Acceptable: OD = ODtarget ± 0.20
Exposure time for 45 mm slab E Annually Contact mammography: 

Achievable: t ≤ 1.5 s 
Acceptable: t ≤ 2 s 
Magnification mammography: 
Achievable: t ≤ 2 s 
Acceptable: t ≤ 3 s

Compensation of the AEC for different 
thickness and beam quality

E Annually Achievable: OD = ODtarget ± 0.15 
Acceptable: OD = ODtarget ± 0.20

Increase of OD for each step of the density 
control

E Annually Acceptable: ΔOD = 0.1–0.2

Collimation system      
Light field/radiation field coincidence D Annually Achievable: ≤ 1% of FFD for all edges
Radiation field/image receptor coincidence E Annually Achievable: completely irradiate the image 

receptor, but does not extend beyond the 
shielded breast support except at the chest 
wall, where it may extend by ≤ 5 mm 
Acceptable: as above for the chest wall and 
within the breast support by ≤ 2% of FFD 
for the other edges

Compression paddle/breast support 
alignment

E Annually Acceptable: paddle not visible in image and 
edge of paddle ≤ 1% of FFD beyond chest 
wall edge of image receptor

Image viewing conditions      
Luminance of the viewboxes E Annually > 3000 cd/m2 (nit)

Viewboxes homogeneity and colour E Annually Acceptable: < 30% for each viewbox and 
< 15% between panels in a viewbox

Ambient interpretation room illumination E Annually Achievable: ≤ 10 lux 
Acceptable: ≤ 50 lux
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(b) One versus two views

In mammography it is customary to acquire 
two views of each breast, typically the medio-
lateral oblique projection and the craniocaudal 
projection. This results in more complete imaging 
coverage of tissue than can usually be obtained 
from a single view, due to the curved shape of 
the chest (which makes it impossible to include 
all breast tissue on a single rectangular view) 
and varying individual anatomy. It also allows 
correlation between the views to estimate the 
3D location of structures of interest and to rule 
out anomalous findings created by superposition 
of tissue shadows from different planes in the 
breast in the projection images. Some screening 
programmes used single-view mammography 
to reduce screening costs and the radiation 
dose received by the breast. However, in a study 
conducted in the United Kingdom, it was found 
that two-view mammography resulted in 24% 
higher breast cancer detection rate while simul-
taneously reducing the screening recall rate by 
15%; i.e. increasing both sensitivity and speci-
ficity (Wald et al., 1995; Patnick, 2004).

Another study in the United Kingdom found 
that the rate of detection of invasive cancers less 
than 15 mm in diameter was 45% higher when 
two-view mammography was used (Blanks et al., 
1997). A further study suggested that many of the 
cancers often missed on a single oblique view of 
the breast can be seen in retrospect when guided 
by information seen on the craniocaudal view 
(Hackshaw et al., 2000). These cancers tend to 
be smaller by about 4 mm and lack some of the 
more pathognomonic features of malignancies, 
suggesting that the availability of the second view 
provides supporting information and raises the 
confidence in the radiologist to assess the lesion 
as positive.

(c) Double reading

Human observers attain performance in 
mammography screening with sensitivities typi-
cally above 80% and specificities between 88% 
and 96% (Stout et al., 2014). As mentioned previ-
ously, both sensitivity and specificity tend to be 
reduced for the dense breast. The relationship 
between sensitivity and specificity is described 

Test Prioritya Suggested frequency Tolerances

Image qualityb      
Target background density E Annually Acceptable: OD = ODtarget ± 0.20
OD difference between disc and 
background

E Annually Achievable: ≥ 0.55 OD 
Acceptable: ≥ 0.40 OD

Phantom image quality evaluation (ACR) E Annually Acceptable: fibre score: ≥ 4 ; speck score: 
≥ 3; mass score: ≥ 3

System spatial resolution E Annually Achievable: ≥ 15 lp/mm 
Acceptable: ≥ 11 lp/mm

Dosimetryc      
Mean glandular dose (DG) E Annually Achievable: DG ≤ 2 mGy 

Acceptable: DG ≤ 2.5 mGy
ACR, American College of Radiology; AEC, automatic exposure control; COV, coefficient of variation; Δ, change in parameter; FFD, focus film 
distance; Mo, molybdenum; OD, optical density.
a  D, desirable, recommended; E, essential, basic requirement.
b  The ACR phantom has been taken as an example because it is probably the one most commonly used.
c  Values obtained with grid for a compressed breast of thickness 53 mm and composition of 71% fat and 29% fibroglandular tissue.
From IAEA (2009). Table reproduced with permission from IAEA. IAEA Human Health Series No. 2: Quality assurance programme for screen 
film mammography. IAEA, Vienna (2009).

Table 2.3   (continued)
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by the receiver operating characteristic curve 
(a graph that plots the sensitivity versus the 
false-positive fraction, which is also 1  −  speci-
ficity), and unless the intrinsic performance of 
the observer or the imaging system is increased, 
any attempt to improve sensitivity in detecting 
cancer will be met by a corresponding decrease 
in specificity.

Double reading is practised in some screening 
programmes to increase screening performance. 
Double reading can be implemented in several 
possible ways: (i) two readers individually inter-
pret the mammography examination, and the 

patient is referred for further assessment if either 
of them reports a suspicious finding; (ii)  the 
readers interpret the examination independently 
and then create a consensus opinion, upon which 
assessment is based; or (iii)  after independent 
interpretation, a third radiologist arbitrates only 
if the two findings are different.

In a population screening programme using 
screen-film mammography, Thurfjell et al. (1994) 
showed a 15% increase in cancer detection rate 
and Anderson et al. (1994) showed a 10% increase 
in cancer detection rate with double reading, but 
with a 1.8% decrease in specificity. In studying 

Table 2.4 Radiographer’s quality control tests for digital mammography

Test Prioritya Comments

Daily tests
Monitor inspection, cleaning, and viewing conditions D Daily (D); weekly (E)
Digital mammography equipment daily checklist E
Daily flat-field phantom image D
Visual inspection for artefacts (CR systems only) E
Laser printer sensitometry E Wet processor: daily (D); on day of use (E) 

Dry processor: monthly
Image plate erasure (CR systems only) E Secondary erasure: daily 

Primary erasure: weekly or as per manufacturer’s 
instructions

Weekly tests
Monitor QC E
Viewbox cleanliness E
Weekly QC test object and full field artefacts E
Image quality with breast-mimicking phantom D
Monthly tests
Safety and function checks of examination room and 
equipment E

Full field artefacts E
Laser printer artefacts E
Quarterly tests
Printed image quality E
Repeat image analysis E
Spatial resolution test (CR and scanning systems only) E
Semi-annual tests
CR plate sensitivity matching E
CR plate artefacts E
CR, computed radiography; QC, quality control.
a  D, desirable; E, essential, basic requirement.
From IAEA (2011). Table reproduced with permission from IAEA. IAEA Human Health Series No. 17: Quality assurance programme for digital 
mammography. IAEA, Vienna (2011).
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Table 2.5 Medical physicist’s quality control tests for digital mammography

Test Prioritya Suggested frequency Tolerances

Unit assembly      
Unit assembly evaluation E Annually (E) 

Semi-annually (D)
 

Compression      
Compression force and thickness 
accuracy

E Annually (E) 
Semi-annually (D)

Powered: 150 N to ≤ 200 N 
Manual: ≤ 300 N

AEC evaluation      
Technique chart and AEC evaluation E Annually or after changes to AEC 

software  

Site baseline settings for radiographer 
SDNR test

E At commissioning and after changes to 
AEC software

Not applicable

Detector performance      
Baseline detector performance E At commissioning and after detector 

change Not applicable

Detector response and noise E Annually and after detector service  
Spatial linearity and geometric 
distortion of detector

E Annually and after detector change  

Detector ghosting E Annually and after detector change Ghost image SDNR ≤ 2.0
Detector uniformity and artefact 
evaluation

E Annually and after detector change  

Evaluation of system resolution      
Modulation transfer function E Annually and after detector change  
Limiting spatial resolution E Annually and after detector change  
X-ray equipment characteristics      
Half-value layer E Annually and after X-ray tube change  
Incident air kerma at the entrance 
surface of PMMA slabs

E Annually and after X-ray tube change Not applicable

Dosimetry      
Mean glandular dose (DG) E Annually  
Collimation system      
Radiation field/image receptor 
coincidence

E Annually and after X-ray tube service/
replacement

 

Compression paddle/breast support 
alignment

E Annually and after X-ray tube service/
replacement

Acceptable: paddle not visible 
in image and edge of paddle 
≤ 5 mm beyond chest wall 
edge

Missing tissue at chest wall E Annually and after X-ray tube service/
replacement

Achievable: ≤ 5 mm 
Acceptable: ≤ 7 mm

Image display quality      
Artefacts and uniformity (soft copy) E 

D
Annually 
Semi-annually

 

Monitor luminance response and 
viewing conditions

E Annually and after monitor service  

Viewbox luminance and viewing 
conditions

E Annually  

Laser printer (where applicable)      
Artefacts and uniformity E 

D
Annually 
Semi-annually
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several different double reading programmes, 
Blanks et al. found that double reading, especially 
when practised with arbitration, was better than 
single reading for the detection of small (which 
they defined as < 15 mm) invasive cancers, and 
the increase in detection rate was 32% for preva-
lent screens (two-view mammograms) and 73% 
for incident screens (single-view mammograms) 
(Blanks et al., 1998). These improvements were not 
observed for larger cancers. Unfortunately, much 
of the work on double reading was confounded 
by factors such as the number of radiographic 
views used.

If performed by radiologists, double reading 
is labour-intensive and therefore expensive, and 
in some locations the availability of radiolo-
gists is limited. In the NHS Breast Screening 
Programme in England, highly trained radi-
ographers are used as second readers (Bennett 
et al., 2012). In some cases, two radiographers 
may perform double reading together without a 
radiologist.

(d) Computer-aided detection

Another approach to improving the accu-
racy of interpretation is through computer-aided 
detection (Nishikawa, 2010). Computer-aided 
detection consists of a set of computer image 
analysis operations applied to a digital mammo-
gram or to a digitized film mammogram. 
Typically, the algorithm uses a set of segmenta-
tion operations to identify the area of the breast 
on the mammogram and to select areas, generally 

corresponding to increased X-ray attenuation, 
as candidates for lesions. Further operations, 
which can include image texture analysis and 
morphological analysis, can then be applied to 
assign “features” to the image. The features are 
used collectively, often with different weighting 
factors, to classify an area of the mammogram 
as normal or suspicious for cancer. Typically, 
computer-aided detection algorithms produce 
marks on an overlay image of the mammogram to 
indicate the possible presence of microcalcifica-
tions, potentially malignant masses, asymmetry, 
or architectural distortion, and the accuracy of 
computer-aided detection algorithms generally 
decreases in that order.

In any detection task there will be a trade-off 
between sensitivity and specificity; for example, 
if all mammograms were interpreted as positive, 
the sensitivity would be 1.0 but the specificity 
would be 0. The operating point of a comput-
er-aided detection algorithm, i.e. its aggressive-
ness in discriminating between suspicious and 
normal areas, can be set by the manufacturer.

Computer-aided detection is most frequently 
used as a prompt to the radiologist, indicating 
by marks areas that should be given special 
consideration in interpreting the image. This has 
been demonstrated to contribute to improving 
sensitivity of mammography, although gener-
ally the number of false-positive marks on the 
image is considered to be excessively high. This 
is an annoyance to experienced radiologists, and 
it may lead to an excessively high recall rate for 

Test Prioritya Suggested frequency Tolerances

Film densities E Annually  
Image quality      
Phantom image quality E Annually  
AEC, automatic exposure control; PMMA, polymethylmethacrylate; SDNR, signal-difference-to-noise ratio.
a  D, desirable; E, essential, basic requirement.
From IAEA (2011). Table reproduced with permission from IAEA. IAEA Human Health Series No. 17: Quality assurance programme for digital 
mammography. IAEA, Vienna (2011).

Table 2.5   (continued)
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inexperienced interpreters who rely heavily on 
the computer-aided detection marks (Fenton 
et al., 2007; Philpotts, 2009).

Another application of computer-aided 
detection is as a surrogate for the second reader 
in double reading. In the NHS Breast Screening 
Programme in England, it was found that, with 
such practice, a single reader with comput-
er-aided detection was able to detect cancers with 
similar pathological characteristics, achieving 
almost identical sensitivity (87.2% vs 87.7%), 
with slightly reduced specificity (96.9% vs 97.4%), 
compared with double reading (Taylor et al., 
2004; Gilbert et al., 2008). Another study showed 
a 9% increase in sensitivity for a single reader 
plus computer-aided detection compared with 
single reading only, and a 2.4% non-significant 
increase compared with double reading, with a 
small increase in recall rate (Gromet, 2008).

2.1.9 Host factors that affect performance

(a) Breast density

To detect breast cancer mammographically, 
there must be adequate contrast for the lesion to 
be distinguished from surrounding tissue, and 
the contrast must exceed the random fluctu-
ation (noise) in the image by a sufficient factor 
(contrast-to-noise ratio) to ensure that statis-
tically reliable information is conveyed to the 
viewer. There must also be adequate spatial reso-
lution to delineate the characteristic features of a 
lesion. Finally, masking effects due to overlapping 
tissues or image artefacts must not be excessive. 

Tumours tend to be somewhat more attenu-
ating of X-rays than adipose tissue and slightly 
more attenuating than surrounding fibroglan-
dular tissue, although there the difference may 
be extremely small (Hammerstein et al., 1979; 
Johns & Yaffe, 1987). Therefore, the challenge of 
accurately detecting a tumour is greatest in the 
dense (highly fibroglandular) breast, where the 
contrast and contrast-to-noise ratio for lesions 
are likely to be diminished and the potential for 

masking is elevated (see Section  1.3.3d). Both 
sensitivity and specificity tend to be lower in 
the dense breast compared with the fatty breast 
(Table 2.6 and Table 2.7). Digital mammography 
tends to provide improved lesion conspicuity in 
the dense breast compared with film mammog-
raphy. The accuracy of digital mammography 
relative to screen-film mammography was eval-
uated in a large trial (Pisano et al., 2005) in which 
more than 40 000 women received both film and 
digital examinations. Digital mammography 
was found to have a better diagnostic accuracy 
(superior area under the receiver operating char-
acteristic curve and superior relative sensitivity, 
without loss of specificity) in women with dense 
breasts, those younger than 50 years, and those 
who were premenopausal or perimenopausal 
(groups overlap). Similar results were reported 
in observational data from the Breast Cancer 
Surveillance Consortium in the USA (Stout et al., 
2014).

(b) Size of lesion

Sensitivity also depends on the size of the 
lesion (generally it is much easier to detect large 
cancers because they provide greater contrast) 
and on whether microcalcifications are present.

Radiologists frequently consider changes 
between the current mammogram and previous 
examinations, especially densities that increase 
in size over time, suggestive of a cancer. Therefore, 
the presence of previous images for compar-
ison is of great value. Table  2.6 and Table  2.7 
provide data on sensitivity and specificity of 
mammography by age range, breast density, and 
whether the examination is an initial one or one 
of a sequence (where there is the possibility for 
comparisons to be made). In screening, sensi-
tivity typically increases with the time since the 
previous screen because the cancer has had more 
time to grow. Conversely, to obtain optimal lead 
time in mammography, the system (equipment, 
technique, and radiologist) must achieve high 
sensitivity for small lesions.
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136 Table 2.6 Sensitivity of mammography by age group, breast density, and screening interval

Screening interval Breast density Age at examination (years)

40–49 50–59 60–69 70–79

Film Digital Film Digital Film Digital Film Digital

Initial screen Extremely dense 0.75 0.81 0.79 0.89 0.82 0.91 0.86 0.92
Heterogeneously dense 0.85 0.90 0.88 0.88 0.91 0.91 0.93 0.93
Scattered density 0.89 0.92 0.91 0.93 0.93 0.95 0.94 0.96
Mainly fatty 0.90 0.94 0.92 0.86 0.94 0.89 0.95 0.91

Recurring annual screen Extremely dense 0.57 0.65 0.62 0.78 0.66 0.81 0.71 0.85
Heterogeneously dense 0.73 0.79 0.77 0.78 0.80 0.81 0.84 0.85
Scattered density 0.78 0.85 0.82 0.85 0.85 0.88 0.89 0.91
Mainly fatty 0.80 0.85 0.83 0.73 0.86 0.77 0.89 0.81

Recurring biennial screen Extremely dense 0.68 0.73 0.70 0.83 0.74 0.86 0.79 0.89
Heterogeneously dense 0.79 0.84 0.82 0.83 0.85 0.86 0.88 0.89
Scattered density 0.84 0.88 0.86 0.89 0.89 0.91 0.91 0.92
Mainly fatty 0.85 0.89 0.87 0.80 0.90 0.83 0.92 0.87

Recurring triennial screen Extremely dense 0.68 0.82 0.72 0.85 0.76 0.88 0.80 0.91
Heterogeneously dense 0.81 0.81 0.84 0.84 0.87 0.87 0.90 0.90
Scattered density 0.85 0.88 0.87 0.90 0.90 0.92 0.92 0.93
Mainly fatty 0.86 0.78 0.88 0.81 0.91 0.84 0.93 0.87

Values interpolated by the Working Group using data from Stout et al. (2014) and British Columbia Cancer Agency (2011).
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Table 2.7 Specificity of mammography by age group, breast density, and screening interval

Screening interval Breast density Age at examination (years)

40–49 50–59 60–69 70–79

Film Digital Film Digital Film Digital Film Digital

Initial screen Extremely dense 0.84 0.82 0.86 0.84 0.87 0.85 0.88 0.87
Heterogeneously dense 0.82 0.78 0.84 0.80 0.85 0.82 0.87 0.83
Scattered density 0.86 0.83 0.87 0.84 0.88 0.86 0.90 0.87
Mainly fatty 0.92 0.90 0.93 0.91 0.94 0.92 0.94 0.93

Recurring annual screen Extremely dense 0.91 0.90 0.92 0.91 0.93 0.92 0.94 0.93
Heterogeneously dense 0.90 0.87 0.91 0.88 0.92 0.89 0.93 0.91
Scattered density 0.92 0.90 0.93 0.91 0.94 0.92 0.94 0.93
Mainly fatty 0.96 0.95 0.96 0.95 0.97 0.96 0.97 0.96

Recurring biennial screen Extremely dense 0.90 0.88 0.91 0.90 0.92 0.91 0.93 0.92
Heterogeneously dense 0.88 0.85 0.89 0.87 0.90 0.88 0.91 0.89
Scattered density 0.91 0.89 0.92 0.90 0.93 0.91 0.93 0.92
Mainly fatty 0.95 0.94 0.96 0.94 0.96 0.95 0.97 0.95

Recurring triennial screen Extremely dense 0.89 0.88 0.90 0.89 0.91 0.90 0.92 0.91
Heterogeneously dense 0.87 0.84 0.89 0.86 0.90 0.87 0.91 0.88
Scattered density 0.90 0.88 0.91 0.89 0.92 0.90 0.93 0.91
Mainly fatty 0.95 0.93 0.95 0.94 0.96 0.95 0.96 0.95

Values interpolated by the Working Group using data from Stout et al. (2014) and British Columbia Cancer Agency (2011).
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2.2 Non-mammographic imaging 
techniques

Non-mammographic imaging methods 
might be considered as the only screening method 
or as adjunct (supplementary) to mammography. 
The evidence reviewed here, as far as available, 
includes (i) sensitivity and specificity in a defined 
consecutively examined screening population (at 
average, intermediate, or increased risk) and/or 
incremental detection rates when the technique 
is used as an adjunct, where specified; (ii) poten-
tial side-effects of the screening application that 
can be assessed immediately (e.g. false-posi-
tive recommendations of biopsy or of 6-month 
follow-up); (iii) potential side-effects inherent to 
the method (such as risks associated with radi-
ation or the contrast agent); and (iv)  any other 
data on test accuracy or biological background of 
the test. An overview of the results is presented 
in Table 2.8.

Proof of efficacy and effectiveness (reduc-
tion in mortality or more-aggressive treatment 
of late changes among screened vs non-screened 
women) and other outcomes (stage shifting, 
interval cancer rate) are discussed in Section 5.5 
and Section 5.6. Information on potential over-
diagnosis can only be expected after long-term 
follow-up and is not available for any of the 
non-mammographic imaging modalities.

2.2.1 Ultrasonography

(a) Equipment

Currently, breast ultrasonography can be 
performed using equipment for handheld ultra-
sonography (HHUS) or equipment for automated 
breast ultrasonography (ABUS), which has also 
been named 3D ultrasonography.

HHUS is performed manually, like ultra-
sonography of other organs. Adequately high 
resolution is needed. HHUS can also be used 
to screen the whole breast, but screening with 
HHUS is time-consuming and is known to be 

operator-dependent. So far, documentation has 
relied on imaging of representative slices, and the 
representative slices need to be selected by the 
operator.

Earlier ABUS systems, developed about 
30 years ago, had low image quality and different 
types of artefacts. A new generation of ABUS 
equipment has now become commercially avail-
able, which allows all the breast tissue to be 
covered in a reproducible manner. Image acquisi-
tion is performed by trained health professionals 
and takes up to 10  minutes per breast. During 
ABUS, the transducer moves automatically over 
the breast; all images and their corresponding 
location in the breast are automatically recorded. 
Artefacts are significantly reduced compared 
with former systems. Reading requires adequate 
software and storage space (approximately 1 giga-
byte per breast) and takes about 5–10 minutes per 
patient.

The anticipated advantage of ABUS systems 
is the decoupling of image acquisition and 
reading, which improves the possibilities for 
implementing breast ultrasonography in a 
screening setting and reduces the required time 
of an expert.

Sonoelastography is a new feature that is now 
offered by many manufacturers. Elastography 
calculates elasticity values based on the small 
shift of echoes, which occurs due to respiratory 
or cardiac motion, as a result of manual pres-
sure or application of a shear wave. The type 
of elastography depends on the equipment and 
yields semiquantitative or quantitative meas-
urements. The information from elastography is 
then provided by colour-coding of the B-mode 
image. Elastography provides additional diag-
nostic information to breast ultrasonography. 
It cannot be used as a stand-alone method but 
requires combination with B-mode ultrasound. 
So far, it has been used only for targeted anal-
ysis of lesions, not for screening of the whole 
breast (Wojcinski et al., 2010; Berg et al., 2012c; 
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Table 2.8 Non-mammographic imaging techniques – comparison of technologies

Technology Diagnostic 
advantages 
for 
screening

Diagnostic 
drawbacks 
for 
screening

Reproducibility Advantages 
inherent to 
technology

Disadvantages 
inherent to 
technology

Time 
needed for 
acquisition

Time needed 
for reading

Costs for 
screeninga

Costs for 
assessment

Relevance to 
screening

HHUS (“2D”) Incremental 
detection of 
cancers in 
dense tissue

Low 
specificity, 
high biopsy 
rates, high 
rates of 
short-term 
follow-up

Depends 
strongly on 
diagnostic 
skills of 
operating health 
professional 
(crucial for 
teaching and for 
QA) 
Inter-reader 
variability 
(important for 
teaching and 
QA)

No 
radiation 
Absence of 
discomfort

None 20 min 10–20 minb Equipment 
costs + 
Non-
physician 
time ++ 
Physician/
expert 
+++

Many 
assessments, 
low costs

Limited data

ABUS (“3D”) Incremental 
detection of 
cancers in 
dense tissue 
(limited 
data 
available to 
date)

Low 
specificity, 
high biopsy 
rates, high 
rates of 
short-term 
follow-up 
(limited 
data 
available to 
date)

Usual QA for 
adequate image 
acquisition 
required

No 
radiation 
Absence of 
discomfort

None 10 min 5–10 min 
(independent 
of 
acquisition)

Equipment 
costs ++ 
Storage 
space ++ 
Non-
physician 
time ++ 
Physician/
expert 
+++

Many 
assessments, 
low costs

Limited data

Non-contrast-
enhanced MRI 
(including 
DWI and 
spectroscopy)

No data No data NA No 
radiation 
No contrast 
agent

Side-effects of 
magnetic field 
Claustrophobia

> 20 min Not tested Equipment 
costs +++ 
Otherwise 
not tested

Very high No data
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Technology Diagnostic 
advantages 
for 
screening

Diagnostic 
drawbacks 
for 
screening

Reproducibility Advantages 
inherent to 
technology

Disadvantages 
inherent to 
technology

Time 
needed for 
acquisition

Time needed 
for reading

Costs for 
screeninga

Costs for 
assessment

Relevance to 
screening

Contrast-
enhanced MRI

High 
sensitivity

Low 
specificity, 
high biopsy 
rates, high 
rates of 
short-term 
follow-up

QA for image 
acquisition; 
see guidelines 
for contrast-
enhanced breast 
MRI 
Inter-reader-
variability 
No QA 
programme 
for screening 
available

No 
radiation

Side-effects of 
magnetic field 
Side-effects of 
contrast agent 
Claustrophobia

15 min 5–10 min 
(independent 
of 
acquisition)

Equipment 
costs +++ 
Cost for 
contrast 
agent ++ 
Non-
physician 
time ++ 
Physician/
expert ++

Very high Limited data

PET No data Low 
sensitivity 
for small 
cancers

No data Very high 
radiation dose

20–40 min 5–10 min 
(independent 
of 
acquisition)

Equipment 
costs +++ 
Cost for 
tracer ++ 
Non-
physician 
time ++ 
Physician/
expert ++

Not tested No data for 
screening

PEM No data for 
screening 
(high 
sensitivity in 
diagnostic 
studies)

No data for 
screening 
(specificity 
for 
diagnosis 
equal to that 
of MRI)

Not tested Very high 
radiation dose

20–40 min 5–10 min 
(independent 
of 
acquisition)

Equipment 
costs +++ 
Cost for 
tracer ++ 
Non-
physician 
time ++ 
Physician/
expert ++

Not tested No data for 
screening

BSGI One study 
with 
questionable 
applicability 
to screening 
(high 
sensitivity)

One study 
with 
questionable 
applicability 
to screening. 
(specificity 
similar to 
that of MRI)

Not tested Very high 
radiation dose

20–30 min 5–10 min 
(independent 
of 
acquisition)

Equipment 
costs +++ 
Cost for 
tracer ++ 
Non-
physician 
time ++ 
Physician/
expert ++

Not tested Very limited 
data with 
questionable 
applicability 
to screening

Table 2.8   (continued)



Breast cancer screening

141

Technology Diagnostic 
advantages 
for 
screening

Diagnostic 
drawbacks 
for 
screening

Reproducibility Advantages 
inherent to 
technology

Disadvantages 
inherent to 
technology

Time 
needed for 
acquisition

Time needed 
for reading

Costs for 
screeninga

Costs for 
assessment

Relevance to 
screening

Electrical 
impedance 
imaging

NA One 
study on 
screening; 
very low 
sensitivity

Not tested; 
high variation 
of results with 
equipment

No 
radiation

None NA NA NA NA No data for 
screening

Thermography NA Low 
sensitivity 
and low 
accuracy for 
screening

Not tested; 
high variation 
of results with 
equipment

No 
radiation

None NA NA NA NA Low accuracy

Near-infrared 
spectroscopy

NA No data for 
screening; 
existing 
other 
data: low 
accuracy

Not tested; 
high variation 
of results with 
equipment

No 
radiation

None NA NA NA NA No data for 
screening

Molecular 
imaging (other 
than MRI or 
BSGI)

NA Not 
clinically 
applied

NA Depend on 
vector

Depend on 
vector

NA NA NA NA Fundamental 
research

2D, two-dimensional; 3D, three-dimensional; ABUS, automated breast ultrasonography; BSGI, breast-specific gamma imaging; DWI, diffusion-weighted imaging; HHUS, handheld 
ultrasonography; min, minute or minutes; MRI, magnetic resonance imaging; NA, not available; PEM, positron emission mammography; PET, positron emission tomography; QA, 
quality assurance.
a  +, low; ++, moderate; +++, high.
b  Depending on the physician performing the examination.
Compiled by the Working Group.

Table 2.8   (continued)
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Schäfer et al., 2013; Zhi et al., 2013; reviewed in 
Vreugdenburg et al., 2013).

(b) Technique

The technique of HHUS is described in 
national and international guidelines (Mainiero 
et al., 2013). Scanning, reading, and image docu-
mentation of HHUS are observer-dependent.

The technique of ABUS scanning depends 
on the equipment and is taught by the manu-
facturers. There still appears to be significant 
interobserver variability for the interpretation of 
ABUS as well; however, this might be improved 
by adequate training and by reading of ABUS 
together with mammography (Shin et al., 2011; 
Golatta et al., 2013; Kim et al., 2013; Skaane et al., 
2014b; Wojcinski et al., 2013).

There exist few studies comparing the diag-
nostic accuracy of ABUS and HHUS. The latest 
studies have reported approximately comparable 
performance (Lin et al., 2012; Wang et al., 2012; 
Zhang et al., 2012; Chen et al., 2013). Whereas 
an experienced ultrasonographer might obtain 
more information from evaluating the elasticity 
and mobility of tissues when applying the ultra-
sound probe manually (Chang et al., 2011), auto-
mated ultrasonography avoids missing any areas 
of the breast tissue, a known problem of ultra-
sonography due to the mobility of breast tissue.

The technique of sonoelastography varies 
with the equipment and the manufacturer.

(c) Quality control

Some quality control for diagnostic HHUS of 
the breast is established in most national health 
systems. Currently, no recommendations or 
guidelines exist to assure high quality of ultra-
sonography screening examinations.

If HHUS screening is performed by health 
professionals, whereas reading is performed by 
a breast physician, then excellent training of the 
health professional is crucial since the operator 
has to select which images will be recorded and 
thus read by the physician. Any error of recording 

risks a miss. Thus, the health professional must 
have a high level of diagnostic skills and quality 
assurance.

To date, quality assurance of ABUS has been 
taught by the manufacturer. Overall quality 
assurance of ABUS image acquisition is far less 
demanding than for HHUS since the health 
professional only needs to warrant complete 
coverage of the breast tissue and adequate 
coupling. Thus, ABUS may aid in reducing the 
operator-dependence of the image acquisition.

Currently, no recommendations or guide-
lines exist to assure high quality of ultrasonog-
raphy screening examinations.

(d) Screening performance

Based on existing data, ultrasonography is not 
envisaged as a stand-alone screening modality in 
most countries where it is in use (Albert et al., 
2009). Instead, with rare exceptions with limited 
data (Hou et al., 2002; Honjo et al., 2007), it has 
been investigated almost exclusively as a supple-
mentary test for screening women with dense 
breast tissue. This selective application is based 
on the suggested increased breast cancer risk with 
increased mammographic density (McCormack 
& dos Santos Silva, 2006; Price et al., 2013; see 
Section 1.3.3d) and the decreased sensitivity of 
mammography in dense breasts caused by the 
masking effect of dense tissue (Blanch et al., 2014; 
Boyd et al., 2014; see Section 2.1.9). Furthermore, 
use of ultrasonography in large and fatty breasts 
has limitations.

Recently, prospective studies from China 
have become available, where ultrasonography 
was used consecutively in women at average risk, 
alone or together with other modalities.

A recent study in China (Kang et al., 2014) 
reported the exclusive prospective use of ultra-
sonography in 2471 asymptomatic women at 
average risk, and achieved a sensitivity, spec-
ificity, and PPV in this population of 78.6%, 
99.7%, and 11.4%, respectively.
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Another study in China (Xu et al., 2010) 
reported the prospective use of ultrasonography, 
mammography, and clinical breast examination 
in 118 273 women. Cancer was detected in 0.66% 
of the population, and 34.8% at an early stage. In 
women younger than 44 years, the detection rate 
of early disease was better with ultrasonography, 
and in women older than 44 years, it was better 
with mammography.

A large study in China (Xu et al., 2014) 
reported on the use of ultrasonography, 
mammography, and clinical breast examina-
tion in 23 910 consecutive women at increased 
risk. The overall detection rate was 1.3 per 1000 
women. With respect to sensitivity, specificity, 
and area under the receiver operating charac-
teristic curve, the combination of all methods 
performed best (90.3%, 94.6%, and 0.95, respec-
tively). Mammography alone (74.2%, 91.7%, 
and 0.85, respectively) and ultrasonography 
alone (71.0%, 90.3%, and 0.81, respectively) were 
comparable but inferior to the combination of 
all methods. CBE proved inferior to the other 
methods (41.9%, 82.7%, and 0.68, respectively).

Further studies (Huang et al., 2012; Wang 
et al., 2013) comparing the sensitivities of 
different screening modalities in a Chinese popu-
lation, including very young women (< 25 years), 
confirm the increased screening performance of 
ultrasonography in dense breasts and in younger 
women (< 55 years). [The authors pointed out an 
earlier onset of breast cancer and the generally 
higher tissue density in the Chinese population.]

Incremental cancer detection rates by adjunct 
ultrasonography reported in several prospective 
and retrospective studies range from about 2 per 
1000 to about 5 per 1000 (reviewed in Nothacker 
et al., 2009).

This incremental detection is achieved at the 
cost of high biopsy rates (1.8–5.3%) and mostly 
high rates of incremental short-term follow-up 
recommendations, ranging from 1.2% to 7.5%.

For further details and implications 
concerning prognostic impact, see Section  5.5 

for the screening of women at average risk and 
Section  5.6 for the screening of women at an 
increased risk.

Recent studies comparing the use of ABUS 
and HHUS in asymptomatic women with dense 
tissue and normal mammograms reported 
comparable results (Kelly et al., 2010; Giuliano 
& Giuliano, 2013; Brem et al., 2014).

Currently, elastography is used for diag-
nosis only. The first multicentre studies and a 
meta-analysis indicate that sonoelastography 
promises improved diagnostic accuracy of 
imaging assessment (Wojcinski et al., 2010; Barr 
et al., 2012; Berg et al., 2012c; Schäfer et al., 2013; 
Vreugdenburg et al., 2013; Zhi et al., 2013). With 
further technical development, elastographic 
information might become applicable to ABUS as 
well. However, so far no data exist on the use and 
the diagnostic accuracy that could be achieved if 
sonoelastography were used for screening.

(e) Host factors that affect performance

Decreased accuracy may be expected for large 
breasts. The reasons include limited penetration 
and the risk of missing part of the breast tissue 
(with HHUS). Since most breast cancers are 
hypoechoic, sensitivity may decrease in breasts 
with hypoechoic breast tissue (largely fatty breast 
tissue) and in breasts with heterogeneous echo-
genicity (due to hypoechoic mastopathic regions 
or many interposed fat lobules).

2.2.2 Magnetic resonance imaging

(a) Equipment

Breast MRI is performed on state-of-the-art 
MRI scanners. National and international 
updated guidelines recommend scanners of 
1.5 T or more, special breast coils, and imaging 
protocols that allow dynamic contrast studies 
at high spatial and temporal resolution. Pulse 
sequences and evaluation software are provided 
by manufacturers.
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Since contrast-enhanced MRI can detect 
small lesions not detected at mammography, 
MRI-guided biopsy and/or marking may be 
performed simultaneously. For such interven-
tions, dedicated software, an MRI-compatible 
biopsy vacuum pump, and appropriate one-way 
MRI-compatible biopsy needles are indispen-
sable. Solutions are expensive.

Diffusion-weighted imaging (DWI) is a new 
option on state-of-the-art MRI scanners of 1.5 T 
or 3  T. It is performed without contrast agent 
and allows calculation of the apparent diffu-
sion coefficients of the imaged tissues. Apparent 
diffusion coefficient values provide a measure of 
the motion of water molecules in tissue, which 
appears restricted in many malignancies.

MRI spectroscopy also yields information 
on molecular binding of the imaged protons. It 
thus allows the identification of certain groups 
of molecules contained in the imaged voxel. The 
most promising results concern imaging of phos-
phocholines, which are also increased in many 
malignancies. This method is technologically 
demanding, is less promising on scanners of less 
than 3 T, and is not widely available.

Thus, both above-mentioned methods 
promise additional potentially valuable patho-
physiological information. Their imaging resolu-
tion is restricted, and their accuracy is predicted 
to decrease with small lesion size and in cancers 
with a diffuse growth pattern (dispersed malig-
nant cells). Their value for diagnosis is currently 
being investigated.

(b) Technique

When MRI is used (for diagnostic applica-
tions or for screening of women at an increased 
risk), dynamic contrast-enhanced breast MRI 
(CE-MRI) is currently considered state-of-
the-art for reliable detection or exclusion of 
malignancy. With CE-MRI, the complete breast 
is imaged before and several times after intrave-
nous administration of the MRI contrast agent (a 
gadolinium chelate). Standard procedures have 

been published in national and international 
guidelines (Sardanelli et al., 2010; Mainiero 
et al., 2013; Breast Imaging Working Group of 
the German Radiological Society, 2014).

To improve performance and feasibility, 
modified pulse sequences have been suggested, 
which might enable the specificity to be 
improved further (Mann et al., 2014) and/or the 
imaging time to be shortened (Kuhl et al., 2014). 
So far  very limited experience concerning their 
diagnostic performance and reproducibility is 
available.

Even though gadolinium chelates are gener-
ally well tolerated and risks are much lower 
than for X-ray contrast agents, patients must 
be informed about potential side-effects. These 
include allergic reactions and nephrogenic 
fibrosing dermopathy/nephrogenic systemic 
fibrosis. Slight allergic reactions occur in up to 
2.4% of applications; however, severe allergic 
reactions are rare (1–10 per 100 000 applications) 
(ACR, 2013b). Nephrogenic systemic fibrosis has 
been described in up to 3 per 100 000 applica-
tions (ACR, 2010). Among other risk factors, 
end-stage chronic kidney disease is associated 
with the highest risk of nephrogenic systemic 
fibrosis (up to 7%). Therefore, blood tests are offi-
cially recommended in patients who are older 
than 60  years or have pre-existing renal prob-
lems (Widmark, 2007; ACR, 2013b; Matsumura 
et al., 2013). Finally, the absence of cardiac pace-
makers, certain metallic implants, or pumps 
must be ensured before MRI can be performed, 
to avoid severe injury to the patient (Expert Panel 
on MRI Safety, 2013).

Methods for MRI-guided marking and 
percutaneous breast biopsy have been developed 
and tested and are widely available (Perlet et al., 
2006; Siegmann-Luz et al., 2014).

(c) Quality control

National and international guidelines 
concerning quality assurance of breast MRI have 
been published (Sardanelli et al., 2010; Mainiero 
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et al., 2013; Breast Imaging Working Group of 
the German Radiological Society, 2014). No 
dedicated protocol for quality assurance of MRI 
screening has so far been developed or tested. 
Consensus recommendations for the use of 
MRI-guided vacuum-assisted breast biopsy have 
been issued, to assure adequate assessment of 
MRI-detected lesions (Heywang-Köbrunner 
et al., 2009).

(d) Screening performance

To date, no RCTs or observational prospec-
tive studies exist in which MRI has been applied 
consecutively for screening of asymptomatic 
women at average risk. Considering the high 
costs of MRI, the costs for further assessment 
of MRI-detected benign changes, the very 
large number of women at average risk, and the 
potential side-effects of the contrast agent or the 
magnetic field, MRI screening does not appear 
to be a sensible option for women at average risk.

“Intermediate risk” defines a broad range 
between average risk (<  15% lifetime risk) and 
increased risk (> 30% lifetime risk according to 
the definition in Europe, or > 20% lifetime risk 
according to the definition in the USA). This 
group of women at intermediate risk is heter-
ogeneous and consists of different subgroups, 
such as women with a personal history of breast 
cancer or DCIS, women with a moderate family 
risk of breast cancer, or women with histologi-
cally proven high-risk lesions, such as atypical 
ductal hyperplasia (ADH) or lobular carcinoma 
in situ (LCIS).

Data for the use of MRI for screening of 
women at intermediate risk are limited. The 
largest body of data probably exists for MRI 
screening of the contralateral breast to the 
tumoural breast. A large prospective multi-
centre study (Lehman et al., 2007) in 969 women 
showed a significant incremental detection rate 
(compared with mammography) of 3.1%. The 
corresponding sensitivity was 91% and the spec-
ificity 88%. A meta-analysis (Brennan et al., 

2009) that included this prospective study and a 
further 21 small and heterogeneous prospective 
and retrospective studies yielded an incremental 
detection rate of 4.1%. A retrospective single-
centre study (Gweon et al., 2014) reported an 
incremental detection rate of only 1.8% in 607 
patients. These incremental detections were at 
the cost of an increased rate of indicated percu-
taneous biopsies of 13.9% (Lehman et al., 2007), 
9.3% (Brennan et al., 2009), and 9.4% (Gweon 
et al., 2014). PPVs varied from 21% (Lehman 
et al., 2007) to 43.5% (Gweon et al., 2014).

One recent study (Kuhl et al., 2014) assessed 
the use of MRI for “screening” women at 
“mildly to moderately increased risk”. However, 
it included a mixture of variable indications 
(diagnostic problems, personal history of breast 
cancer) and thus cannot contribute significant 
evidence to this question.

In women with increased risk due to a history 
of LCIS, retrospective studies of MRI examina-
tions on limited numbers of patients showed low 
incremental detection rates (of DCIS or invasive 
carcinoma), high rates of biopsy recommenda-
tions, and high rates of short-term follow-up 
(Friedlander et al., 2011; Sung et al., 2011). Similar 
results were also reported from studies of women 
with mixed intermediate risks (Kuhl et al., 2010; 
Berg et al., 2011, 2012b).

For women at an increased risk (with or 
without BRCA1 or BRCA2 mutation), there is 
ample evidence of significant incremental detec-
tion by MRI. It is based on at least 16 single-
armed large cohort studies and three systematic 
reviews (Lord et al., 2007; Warner et al., 2008; Phi 
et al., 2015).

A recent meta-analysis showed an average 
sensitivity and specificity both of 84% for the 
diagnostic use of DWI (Chen et al., 2010). A first 
attempt at an MRI protocol that included plain 
MRI and DWI achieved a sensitivity of 76–78% 
and a specificity of 90% (Trimboli et al., 2014). 
Thus, to date DWI does not appear to be appli-
cable for screening. The same is true for MRI 
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spectroscopy, for which sensitivities and specif-
icities of about 80% have been reported (Baltzer 
& Dietzel, 2013).

For further details and implications 
concerning prognostic impact, see Section 5.5.

(e) Host factors that affect performance

Contrast-enhanced MRI may not be possible 
for claustrophobic patients. It is not indicated in 
women with a known allergy to the MRI contrast 
agent or with a severe other disease that increases 
the risk of the contrast agent. It is contraindicated 
in women with pacemakers or other metallic 
devices (Expert Panel on MRI Safety, 2013).

Accuracy may be heavily degraded by motion 
artefacts. This must be considered in particular 
for women who – due to neurological disorders, 
lack of compliance, or other reasons – cannot lie 
still during the procedure.

Finally, high levels of progesterone may cause 
strong background enhancement and may inter-
fere with the diagnostic accuracy. Therefore, 
whenever possible, MRI should be scheduled 
with respect to the menstrual cycle and proges-
terone treatment should be stopped for about 
4 weeks before the MRI is performed (Sardanelli 
et al., 2010).

2.2.3 Positron emission tomography/
mammography

Positron emission tomography (PET) moni-
tors the uptake of a radiotracer, and thus meas-
ures the activity of a metabolic pathway without 
interfering with it. Most PET studies have 
been performed using [18F]-fluorodeoxyglucose 
(FDG), which represents glucose metabo-
lism. Glucose metabolism is assumed to be 
increased in tumours. Other agents, such as 
[18F]-fluorothymidine as a proliferation marker 
or [18F]-labelled annexin V as an apoptosis 
marker, are under investigation (Surti, 2013).

(a) Equipment

Whole-body PET scanners allow imaging not 
only of the primary cancer but also of the lymph 
nodes and of distant metastases. However, due to 
insufficient resolution and signal-to-noise ratio, 
whole-body PET has low sensitivity for small 
tumours, and it is thus considered inappropriate 
for imaging of early breast cancer (Avril et al., 
2000). Therefore, dedicated breast PET scanners 
have been developed. These dedicated scanners 
are called positron emission mammography 
(PEM) scanners. Their resolution, which is 
about 2–3 mm, is much higher than that of PET 
scanners.

(b) Technique

Most PEM scanners resemble mammog-
raphy units. Imaging with these scanners is 
performed on the moderately compressed breast. 
Compression is applied to improve signal-to-
noise ratio. Other PEM systems under develop-
ment examine the breast in the prone position or 
may function as an add-on to whole-body PET 
scanners (Surti, 2013). The radiotracer (usually 
370  MBq or 10  mCi FDG) is injected intrave-
nously, and imaging can be performed after about 
60  minutes. The time reported for a complete 
scan of both breasts is about 20–40  minutes. 
Toxic or allergic side-effects of the tracer are 
extremely rare and are negligible. However, the 
radiation dose, which is applied to the whole 
body, is high (~7 mSv). Due to the intravenous 
administration and its clearance time from the 
body, the lifetime attributable risk of one PEM 
scan has been calculated to be about 23  times 
that of a digital mammogram (~0.4 mSv) for a 
woman aged 40  years and more than 75  times 
that of a digital mammogram for a woman aged 
60 years (Hendrick, 2010).
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(c) Quality control

Standard doses of the tracer have been estab-
lished. No protocol has yet been developed for 
PEM or for screening by PEM. Studies assessing 
interobserver variability and reproducibility 
of PEM diagnoses showed different results 
(Narayanan et al., 2011; Berg et al., 2012a). Thus, 
special training and quality assurance of PEM 
remain issues to be solved.

(d) Screening performance

No studies on the use of PEM (or PET) for 
screening asymptomatic women have been 
published. Data on accuracy are available from 
the use of PEM for diagnosis in patients with 
suspicious lesions or for preoperative staging 
(Berg et al., 2011; Schilling et al., 2011; Kalles 
et al., 2013). These studies show sensitivities of 
85–90%, which are comparable to that of MRI.

(e) Host factors that affect performance

Limited sensitivity of PEM is expected in 
patients with uncontrolled diabetes mellitus 
since high blood levels of glucose interfere with 
FDG uptake in tumour tissue. In fertile women, 
physiological breast uptake of FDG may interfere 
with interpretation since FDG uptake is increased 
during all phases of the menstrual cycle except 
the proliferative phase (Rabkin et al., 2010; Park 
et al., 2013). Individual anatomical problems that 
prevent proper positioning are as crucial for PEM 
as they are for mammography.

2.2.4 Scintimammography

Breast-specific gamma imaging (BSGI), or 
scintimammography, is considered another 
method of molecular imaging. 99Tc-sestamibi 
or 99Tc-tetrofosmin binds to mitochondria (Sun 
et al., 2013). The density of mitochondria is 
assumed to be increased within cancer cells.

(a) Equipment

Dedicated scintimammography systems 
(BSGI systems) have been developed and are 
commercially available. The dedicated systems 
allow imaging of small breast lesions with suffi-
cient reliability. Based on positive results in diag-
nostic examinations, the method has already 
been tested as a complementary tool for early 
detection and imaging of the mammograph-
ically dense breast. The initial BSGI systems 
required intravenous administration of a dose 
of 750–1100 MBq or 20–30 mCi 99Tc-sestamibi. 
The most recent systems have improved detector 
technology (cadmium zinc telluride detectors 
and dual detector heads), leading to improved 
sensitivity and/or a reduction of the required 
applied radiation dose.

(b) Technique

Imaging with BSGI scanners is performed 
on the moderately compressed breast to increase 
signal-to-noise ratio. Individual anatomical 
problems that prevent proper positioning are as 
crucial for BSGI as they are for mammography.

The radiotracer (usually 750–1100  MBq 
or 20–30  mCi 99Tc-sestamibi) is injected, 
and imaging can be performed after about 
10  minutes. The time reported for a complete 
scan of both breasts is about 20–30  minutes. 
The radiation dose, which is applied by intra-
venous injection to the whole body with single-
head systems, is even higher than that for PEM. 
Compared with a mean calculated radiation dose 
of mammography of 0.44 mSv to the breast, the 
dose for 99Tc-sestamibi has been calculated to 
be about 9  mSv. The associated lifetime attrib-
utable cancer risk of one 99Tc-sestamibi scan has 
been calculated to be about 20–30 times that of a 
digital mammogram for a woman aged 40 years 
(Hendrick, 2010). New technologies are expected 
to reduce the radiation dose to about 4 mSv.
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(c) Quality control

So far, no official guidelines beyond the usual 
quality assurance of nuclear medicine exist for 
scintimammography. However, correct posi-
tioning is a prerequisite to allow imaging and 
thus detection of at least part of the lesion. Dose 
optimization studies for this technology are in 
progress. No quality assurance protocol exists 
for BSGI screening.

(d) Screening performance

No data exist on screening performance in 
women at average risk.

In one study (Rhodes et al., 2011), BSGI and 
mammography were performed in 936 women 
with mammographically dense tissue (ACR cate-
gories 3 and 4) and with additional risk factors 
(including family history, BRCA mutation, 
personal history, and other risks). The authors 
reported a sensitivity of 82% and a specificity of 
93% for BSGI, and an astonishingly low sensitivity 
of 27% and a specificity of 91% for mammog-
raphy. [The low sensitivity of mammography is 
explained by the diversity of patients. The study 
included women at an increased risk, who may 
develop tumour types that are particularly diffi-
cult to diagnose mammographically, and women 
with a personal history of breast cancer, where 
scarring impairs mammographic evaluation. The 
correct comparison would have been with MRI. 
Overall selection bias is probable (see Section 5.5 
and BlueCross BlueShield Association, 2013).]

For the diagnostic use of BSGI, a sensitivity of 
95% and a specificity of 80% were reported (Sun 
et al., 2013), which approximate those of MRI. 
No publications were available on BSGI-guided 
biopsy.

(e) Host factors that affect performance

Individual anatomical problems that prevent 
proper positioning are as crucial for PEM as they 
are for mammography.

2.2.5 Electrical impedance imaging

(a) Equipment

Electrical impedance, which derives from 
electrical conductivity and permittivity, is meas-
ured at different frequencies. Conductivity and 
permittivity vary with frequency in the different 
breast tissues (Hope & Iles, 2004). Electrical 
impedance imaging relies on the assumption 
that cancer cells have increased conductivity and 
thus decreased impedance (Vreugdenburg et al., 
2013).

Different types of equipment have been 
developed for non-invasive measurement of the 
electrical properties of breast tissue (Ng et al., 
2008). Electrical impedance tomography yields 
2D and 3D tomographic images of the imped-
ance (conductivity and permittivity). Electrical 
impedance mapping yields surface images of 
the distribution of conductivity and permit-
tivity. One system did not yield images but solely 
allowed a classification as probably benign or 
malignant based on measurements from one 
selected location. (That system can, of course, 
not be used for screening.) The systems allow 
either areas of low impedance (“white spot”) to 
be detected or a grading of suspicion or a clas-
sification as benign or malignant to be assigned 
based on selected algorithms (Zou & Guo, 2003; 
Ng et al., 2008).

The most commonly described devices in 
clinical studies were the electrical impedance 
scanner TransScan TS2000 system and the 
multiprobe resonance-frequency-based elec-
trical impedance spectroscopy system (Malich 
et al., 2001; Martín et al., 2002; Wersebe et al., 
2002; Diebold et al., 2005; Fuchsjaeger et al., 
2005; Zheng et al., 2008, 2011; Wang et al., 2010; 
Lederman et al., 2011). Some of the electrical 
impedance technologies only detect asym-
metry between breasts but do not localize the 
abnormality, and therefore may require another 
imaging technique, such as ultrasonography, 
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to localize the abnormality (Zheng et al., 2008, 
2011; Wang et al., 2010; Lederman et al., 2011).

(b) Technique

The technique varies with the equipment and 
is taught by the manufacturer (Ng et al., 2008).

(c) Quality control

Given the different types of equipment and 
techniques, no standard procedures exist that 
would be valid for all equipment types.

(d) Screening performance

Only one study applied electrical impedance 
scanning in asymptomatic women (Stojadinovic 
et al., 2008). It yielded a sensitivity of 26.4%.

A recent systematic review identified 10 
studies that reported results concerning the 
diagnostic use of electrical impedance scanning. 
Most of these assessed initial testing with or 
without blinding to the standard. Due to signif-
icant heterogeneity between the studies, pooled 
estimates of the diagnostic accuracy could not 
be calculated. Most studies reported sensitivi-
ties that ranged from 62.0% to 97.5% (median, 
83%) and specificities that ranged from 42.0% to 
80.9% (median, 68%). The large range of sensi-
tivities and specificities and their median values 
do not support the diagnostic use of this method 
(Vreugdenburg et al., 2013).

This technology has not been validated for 
screening women.

(e) Host factors that affect performance

Lesions close to the chest wall or close to the 
nipple may not show adequately (Ng et al., 2008). 
Also, the results appear to vary with hormone 
levels (Sardanelli et al., 2010).

2.2.6 Other techniques

Thermography measures temperature distri-
bution on the breast surface, assuming a higher 
temperature in malignant tumours. The method 

has been tested in several studies. In two system-
atic reviews of diagnostic studies, sensitivities 
ranged from 25% to 97% and specificities from 
12% to 85% (Gohagan et al., 1980; Fitzgerald 
& Berentson-Shaw, 2012; Vreugdenburg et al., 
2013). Given these limitations, the available data 
cannot justify the application of thermography 
for screening.

Near-infrared spectroscopy evaluates spec-
tral differences of the examined tissue. Without 
the use of contrast agent, mainly tissue concen-
trations of haemoglobin and deoxyhaemoglobin 
can be measured. Higher proportions of deoxy-
haemoglobin than haemoglobin are assumed to 
be present in malignant tumours. Initial results 
have not been encouraging. However, such a tech-
nology might become useful in the future if fluo-
rescent probes can be developed for molecular 
imaging that can be administered intravenously 
and that attach to malignant cells and thus allow 
the identification of malignant tumours by this 
fluorescent marking.

2.3 Clinical breast examination

Clinical breast examination (CBE), also 
called physical breast examination, is part of the 
clinical examination for early detection of breast 
cancer and is practised routinely by health-care 
providers, i.e. nurses, physicians, and surgeons, 
in high-income countries. CBE for primary 
breast screening takes on importance in low- 
and middle-income countries (LMICs) where 
mammography screening is not feasible and/or 
affordable.

2.3.1 Technique

Fig. 2.6 gives a description and illustrations 
of CBE.

The CBE screening technique involves visual 
inspection and palpation of both breasts by a 
health-care provider. During visual inspection, 
the provider looks for subtle changes in breast 
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contour and skin and nipple changes that appear 
asymmetrically (i.e. not seen in both breasts), 
while the woman stands and clasps her waist 
tightly with both hands (Coleman & Heard, 
2001). During palpation, the provider uses the 
soft pads of the middle three fingers to examine 
all areas of both breasts and axillae for the pres-
ence of lumps and thickening of breast tissue and 
lymph nodes. Palpation is performed with the 
woman in sitting and supine positions (Coleman 
& Heard, 2001). Several techniques for CBE have 
been described by researchers. Bassett (1985) 
described a “spoke and wheel” technique (f) for 
CBE as part of the Canadian National Breast 
Screening Study (CNBSS), whereas Saunders 

et al. (1986) described a vertical strip pattern (e). 
The most widely disseminated technique is prob-
ably that described by Pennypacker & Pilgrim 
(1993). Pennypacker et al. (1999) also suggested 
a minimum of 5  minutes of examination per 
breast. Fletcher et al. (1989) found that variations 
in CBE technique were responsible for 27–29% 
of variance in sensitivity and 14–33% of vari-
ance in specificity of lump detection. They also 
observed that increased duration of search time 
of the examination was correlated with higher 
sensitivity and lower specificity. However, there 
are no studies that have conclusively proven the 
superiority of any one technique over the others. 

Fig. 2.6 Clinical breast examination

a b c 

d e f 

A visual examination should be performed with the woman in three different standing positions: with her arms relaxed at her sides, with 
her hands pressed firmly on her waist and leaning forward (a), and with her arms above her head (b). The examiner should seek subtle 
asymmetries in the appearance of the breasts. Three levels of pressure – superficial, medium, and deep – should be applied at each palpation 
site. Palpation is done with the finger pads of the middle three fingers (c), and pressure is applied with circular motions at each site. Palpation 
of the supraclavicular and axillary nodes is done with the woman seated, and re-palpation of the axillary nodes is done with the woman supine. 
Palpation of the breasts is performed over an area extending from the mid-axillary line to the mid-sternum and from above the subcostal margin 
(fifth rib) to the clavicle (d), including palpation of the nipple and areola. Palpation should be done systematically, either in vertical strips (e) or 
in circular motions from the centre to the periphery or vice versa (f). For the lateral half of the breast, the woman should be asked to rotate her 
body slightly in the opposite direction (right side for left breast, and left side for right breast); for the medial half of the breast, the body should 
be rotated laterally in order to spread out the breast tissue. When an abnormality in shape or contour is detected, the corresponding area of the 
other breast should be examined. If the finding is not bilateral, further investigation is required.
© IARC Screening Group. Images available from http://screening.iarc.fr/breastselfexamination.php.

http://screening.iarc.fr/breastselfexamination.php
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2.3.2 Training

Most training programmes use silicone 
models that simulate normal and abnormal 
human breast tissue (McDermott et al., 1996; 
Pennypacker et al., 1999). The effect of training 
on the improvement of providers’ skills has been 
assessed (Costanza et al., 1995, 1999). Studies of 
medical students have shown low performance 
scores in many CBE components and also low 
sensitivity and specificity using silicone models 
(Sloan et al., 1994; Chalabian et al., 1996), whereas 
other studies have shown that CBE training on 
silicone breast models enhances the performance 
of examiners (Hall et al., 1980; Pilgrim et al., 
1993).

Saslow et al. (2004) suggested that CBE 
training should be flexible and accommo-
date diverse settings and trainee needs. Miller 
et al. (1991) used the services of nurses who 
were trained by surgeons to provide CBE in the 
CNBSS. Pisani et al. (2006) trained nurses and 
midwives to perform CBE in an RCT in Manila, 
Philippines. Women in Mumbai, India, with a 
10th grade education and good communication 
skills who were trained for 4 weeks to perform 
CBE per a modified version of the CNBSS 
protocol were able to perform CBE as well as 
trained surgeons (κ = 0.849) (Mittra et al., 2010). 
Sankaranarayanan et al. (2011) trained graduate 
female health workers for 3 weeks using silicone 
breast models to perform CBE in an RCT in 
Trivandrum, India (see Section 4.3).

2.3.3 Quality control

A general lack of quality control and stand-
ardization of technique is seen across CBE 
screening studies and programmes. Studies had 
reported that graduating primary care physicians 
were lacking adequate CBE skills and that health-
care providers expressed a need for CBE training 
(Chalabian & Dunnington, 1998; Pennypacker 
et al., 1999). In the CNBSS, the providers were 

trained per a designed CBE protocol, and the 
CBE skills of the providers were monitored 
(Baines et al., 1989; Baines, 1992a). The RCT in 
Mumbai, India, used a modified version of the 
CNBSS protocol and maintained quality control 
by comparing a 5% sample of the results of CBE 
examinations by the study providers with those 
of surgeons (Mittra et al., 2010). The RCTs in the 
Philippines and in Trivandrum, India, described 
structured CBE training of the providers, but 
there was no mention of quality monitoring of 
the process during the intervention (Pisani et al., 
2006; Sankaranarayanan et al., 2011).

2.3.4 Screening performance

Morimoto et al. (1993) reported a sensitivity 
of 61% and a specificity of 94.5% for CBE in 
Zentsūji, Kagawa Prefecture, Japan. Ohuchi et al. 
(1995) reported a sensitivity of 85% and a speci-
ficity of 96% for CBE in Miyagi Prefecture, Japan. 
In these studies, sensitivity and specificity were 
calculated by observing all screening partic-
ipants for a period of 2  years after screening. 
Barton et al. (1999) analysed the screening 
performance of CBE by pooling data from six 
studies: the Health Insurance Plan of Greater 
New York study, the United Kingdom Trial, the 
Breast Cancer Detection Demonstration Project 
of the United States National Cancer Institute, 
the West London Study, the CNBSS 1, and the 
CNBSS 2 (see Section 4.3 for descriptions of the 
studies). For the purpose of analysis, sensitivity 
was defined as the proportion of cancers detected 
by CBE, among all breast cancers detected/diag-
nosed within 12 months of screening; specificity 
was defined as the proportion of CBE-negative 
women who did not develop breast cancer within 
12 months after screening, among all women who 
did not develop breast cancer within 12 months 
after screening. The authors reported a pooled 
sensitivity of 54.1% and a pooled specificity of 
94.0%. Bobo et al. (2000) reported CBE sensi-
tivity, specificity, and PPV of 58.8%, 93.4%, and 
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4%, respectively, from the United States Centers 
for Disease Control and Prevention’s National 
Breast and Cervical Cancer Early Detection 
Program. Pisani et al. (2006) reported a sensi-
tivity of 53.2% and a PPV of recall of 1.2%. 
Sankaranarayanan et al. (2011) reported CBE 
sensitivity, specificity, false-positive rate, and 
PPV of 51.7%, 94.3%, 5.7%, and 1.0%, respectively. 
Variances in screening performance by tech-
nique and duration of screening are discussed in 
Section 2.3.1.

2.3.5 Host factors that affect performance

Age, menopausal status, body weight, breast 
density, nodularity (lumpiness), ethnicity, and 
use of hormone replacement therapy are known 
to affect the performance of CBE. With respect to 
age and menopausal status, van Dam et al. (1988) 
observed that CBE sensitivity was significantly 
lower in premenopausal and perimenopausal 
women compared with postmenopausal women. 
Oestreicher et al. (2002) observed a bell-shaped 
pattern, with CBE sensitivity low in women aged 
40–49 years, higher in women aged 50–59 years, 
and decreasing gradually in women aged 60 years 
and older. In contrast, Bobo & Lee (2000) found 
that CBE sensitivity was higher among women 
younger than 50  years than among those aged 
50  years and older. Also, CBE sensitivity was 
reported to decrease with increasing body 
weight (Oestreicher et al., 2002). van Dam et al. 
(1988) observed that higher nodularity of breasts 
resulted in lower CBE specificity. The test char-
acteristics of CBE reported from regions that 
are geographically separated and ethnically and 
demographically diverse are almost the same, 
although higher sensitivity values have been 
reported from one study in Japan (Ohuchi et al., 
1995) and among Asian women in a study in the 
USA (Oestreicher et al., 2002).

2.4 Breast self-examination

Breast self-examination (BSE) is an examina-
tion of a woman’s breasts by the woman herself, 
purportedly for early detection of breast cancer.

2.4.1 Technique

The essential components of BSE are visual 
inspection in front of a mirror and palpation of 
the breasts and nipples with the soft pads of the 
middle three fingers. Many techniques have been 
described for practising BSE (Mamon & Zapka, 
1983; Carter et al., 1985; Baines, 1992b). Mamon 
& Zapka described a BSE technique with 34 
systematic steps: 4 steps for visual inspection of 
both breasts in front of a mirror, 7 steps for each 
breast in an upright position, and 8 steps for each 
breast in a supine position. Carter et al. suggested 
a 21-step procedure, omitting the examinations 
in the supine position. It is unlikely that women 
would go through the rigours of such elaborate 
procedures. Therefore, Baines proposed a simpler 
technique. It is important to understand that 
a large proportion of women in LMICs cannot 
afford the privacy needed to perform BSE with 
such time-consuming procedures. Therefore, 
BSE has to be very simple for it to become a 
popular practice in LMICs.

2.4.2 Training

Clarke & Savage (1999) conducted a litera-
ture review of BSE training studies and found 
that BSE training improves compliance, confi-
dence, and proficiency. Structured individual 
training in BSE improved the thoroughness of 
examination in terms of the depth of palpation 
and the duration of search time (Bragg Leight 
et al., 2000). Also, periodic reassessment and 
retraining are required to prevent deterioration 
of BSE skills (Pinto & Fuqua, 1991). In a study in 
Denmark, women showed a preference for indi-
vidual instruction versus group instruction in 
BSE (Bech et al., 2005). Also, it has been reported 
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that individual instruction improved the profi-
ciency and frequency of BSE performance 
compared with group instruction (Dorsay et al., 
1988; Coleman & Pennypacker, 1991). Systematic 
training of women to perform BSE has been 
found to significantly increase the practice of 
BSE in several studies in Turkey (Hacihasanoğlu 
& Gözüm, 2008; Oezaras et al., 2010; Donmez 
et al., 2012).

2.4.3 Quality control

Very few studies have assessed quality control 
in BSE performance. Mamon & Zapka (1983) 
described a set of indicators for BSE quality 
(Fig. 2.7). The weakness is that they are equally 
weighted. Coleman & Pennypacker developed a 
weighted scoring system comprising: percentage 
of total breast area actually palpated, duration 
of examination, type of pressure, pattern and 
number of motions, and number and part of 
fingers used (Coleman & Pennypacker, 1991).

2.4.4 Screening performance

The sensitivity, specificity, and PPV of BSE to 
detect breast cancer have been reported as 58.3%, 
87.4%, and 29.2%, respectively (Wilke et al., 2009). 
[The study was conducted in a single institution 
and among women at an increased risk.] In 
Shanghai, China, an RCT found that women in 
the BSE instruction group had greater specificity 
in lump finding in the silicone models compared 
with women in the control group (Thomas et al., 
2002). A nested case–control study within the 
CNBSS compared the frequency and proficiency 
of BSE performance between the cases and 
controls at 1, 2, and 3 years before the diagnosis 
of the case (Harvey et al., 1997). No difference 
in BSE frequency was found between cases and 
controls. However, visual inspection, use of 
finger pads, and use of the middle three fingers 
were found to have a significant association with 
breast cancer diagnosis when performed 2 years 
before the diagnosis, with an odds ratio for death 
or distant metastases from breast cancer of 2.2 
among women who omitted one, two, or three of 
these BSE components.

Fig. 2.7 Indicators appropriate for an evaluation of breast self-examination

• Is any visual examination done? 

• Is most of the breast examined? 

• Are the armpits examined? 

• Is there a systematic search pattern? 

• Are three fingers used? 

• Are finger pads used? 

• Is a rotary palpation applied? 

• Is breast self-examination performed 
12 times a year? 

Photo from the United States National Cancer Institute Visuals Online, available from visualsonline.cancer.gov.

https://visualsonline.cancer.gov/
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2.4.5 Host factors that affect performance

Because BSE might be of some value in the 
early detection of breast cancers in LMICs, it is 
most relevant to examine the host factors likely 
to affect BSE practice in such countries. A study 
among Iranian women identified lack of privacy 
as the principal barrier to BSE practice (Tavafian 
et al., 2009). In a study in Taiwan, China, personal 
and social factors were reported to affect the 
motivation of women attending BSE training 
(Yang et al., 2010). A study looking for predic-
tors of BSE practice among Malaysian teachers 
found that higher level of knowledge about breast 
cancer, greater confidence in performing BSE, 
and regular visits to a physician were significant 
predictors for practising BSE (Parsa et al., 2011). 
Socioeconomic status, level of education, knowl-
edge about breast cancer, and knowledge about 
BSE performance was found to affect BSE prac-
tice in Iranian women (Haji-Mahmoodi et al., 
2002). Many studies in LMICs have identified 
the absence of breast symptoms, lack of breast 
cancer awareness, and lack of knowledge about 
BSE performance as the main host factors that 
affect BSE practice (Choi, 2005; Satitvipawee 
et al., 2009; Azage et al., 2013). A study in a 
mixed population of Caucasians and African-
Americans in the USA found that high school 
education, employment status, and marital 
status were significant variables influencing BSE 
practice (Madan et al., 2000), whereas ethnicity 
did not affect compliance.
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3.1 Determinants of participation in 
screening

Participation in breast cancer screening is not 
distributed equally. In this section, the personal, 
socioeconomic, and cultural factors that influ-
ence participation are presented, and the issues 
related to information and informed choice are 
described and discussed. Finally, the psycholog-
ical consequences of mammography screening 
are addressed. This information may be more or 
less relevant for organized screening or oppor-
tunistic screening, depending on the context of 
the screening programme or practice.

3.1.1 Personal and socioeconomic factors

There are numerous known socioeco-
nomic factors that influence participation in 
breast cancer screening (Edgar et al., 2013). 
Lower income, lower educational status, lack 
of health insurance, and unemployment are all 
factors associated with lower levels of partic-
ipation. These factors may also be associated 
with less knowledge of breast cancer screening, 
in terms of both benefits and adverse effects. 
Socioeconomic differences in screening practices 
tend to decrease when participation is promoted, 
cultural and economic barriers are reduced, and 
social support is offered (Segnan, 1997).

(a) Income, education level, and 
socioeconomic status

Income and education level are significant 
factors that influence participation in breast 
cancer screening (George, 2000). Higher income 
and education level are associated with higher 
participation in mammography screening 
(Katz et al., 2000; Chamot et al., 2001; Samah & 
Ahmadian, 2012). Fear of costs has been reported 
as a barrier to participation among women 
with low incomes, and having health insur-
ance is associated with not perceiving cost as a 
barrier (Fayanju et al., 2014). In Japan, providing 
screening free of charge does not influence 
participation rates (Sano et al., 2014). Having an 
organized screening programme also appeared 
to attract women of lower socioeconomic status 
who would not usually undergo mammography 
screening (Chamot et al., 2007). In a study in 
Sweden, education level did not predict partici-
pation, but women in the highest income quartile 
were less likely to be non-attenders compared with 
those in the lowest income quartile (Zackrisson 
et al., 2007). In contrast, a study in Denmark 
found that education level was associated with 
a bell-shaped pattern in participation, where 
women in the middle range of the educational 
scale were the most faithful participants (von 
Euler-Chelpin et al., 2008). In Colombia, educa-
tion level, income, and having health insurance 
have been shown to increase the probability of 
undergoing mammography screening (Charry 
et al., 2008; Avila et al., 2014). These tendencies 
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were also found in a randomized controlled 
trial in India that explored determinants of 
participation (Dinshaw et al., 2007). Moreover, 
in Colombia, illiteracy was associated with a 
lower probability of undergoing mammography 
screening (Charry et al., 2008).

(b) Rural and urban residence

A meta-analysis of 28 studies found that 
the proportion of women who had ever had a 
mammogram was higher in the urban popula-
tion than in the rural population in Australia, 
Canada, and the USA; there were contrasting 
findings in Northern Ireland and the Republic of 
Korea (Leung et al., 2014). Even in countries with 
screening programmes, their availability is not 
equally distributed among geographical districts, 
which may influence participation rates. Studies 
from both the Republic of Korea and the USA 
found that among rural women, recommenda-
tion by health professionals plays a key role in 
having a mammogram (Hur et al., 2005; Davis et 
al., 2012). In a study in Sweden, area-level factors, 
such as rates of employment and of immigration, 
were important determinants of neighbourhood 
rates of non-attendance in an urban mammog-
raphy screening programme (Zackrisson et al., 
2007).

Distance between the residence and the 
screening unit may also influence participa-
tion. A British study found a small decrease in 
participation with increasing distance to the 
screening unit (Maheswaran et al., 2006). In a 
study in Quebec, distance from the screening 
unit affected participation, but the distance at 
which the decrease started varied according to 
a rural–urban classification: for women living 
in small cities, reductions in participation were 
observed for distances of 12.5  km or more, 
whereas for women in rural areas, a clear reduc-
tion in participation was first seen for distances 
of 50 km or more (St-Jacques et al., 2013). In low- 
and middle-income countries, limited access to 
screening is a major challenge.

(c) Age

The influence of age on participation in 
screening has to be understood in the context 
of the screening system, or the lack thereof. 
Findings on whether age is a predictor of attend-
ance in mammography screening are controver-
sial. Several studies were conducted in women 
in different age ranges attending opportunistic 
screening. The younger women were more likely 
to have a mammogram, in a group of women 
older than 60  years in the USA (Michielutte 
et al., 1999), in women within the age range 
50–75 years in Canada (Black et al., 2001), or in a 
group of women older than 65 years in the United 
Kingdom (Edwards & Jones, 2000). A review 
about Latinas in the USA found that in general 
women aged 50–64 years, and particularly in the 
age range 55–59 years, were more likely to have 
a mammogram than women aged 40–49  years 
(Wells & Roetzheim, 2007). Another study in the 
USA showed that women aged 51–64 years were 
more likely to have a mammogram than either 
younger or older women (Rutledge et al., 2001). 
A further study in the USA suggested that partic-
ipation in mammography screening is higher in 
older women; for instance, African-American 
women aged 70 years and older were less likely 
to miss their mammography appointments 
compared with women in their forties (Crump et 
al., 2000). Other studies concluded that age is not 
indicative of non-attendance (Banks et al., 2002; 
Bulliard et al., 2004). [The cut-off age of screening 
programmes could potentially also explain why 
some age groups have higher participation rates 
in specific countries.]

(d) Health and disability

Poor health may inhibit women from partic-
ipating in breast cancer screening, and lead to 
lower participation rates compared with women 
who have fewer health problems (Lostao & Joiner, 
2001). However, women with diabetes have been 
found to have similar screening rates to women 
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without diabetes (Giroux et al., 2000). Barriers 
such as sociability limitations and physical disa-
bilities (Graham et al., 1998; Ahmed et al., 2009; 
Andresen et al., 2013) or intellectual disabili-
ties (Taggart et al., 2011; Wilkinson et al., 2011) 
have been shown to decrease participation in 
screening. Also, obese women may face barriers 
to participation (Wee et al., 2000).

Mental health issues may also be a barrier 
to participation. One study found that non-at-
tenders were significantly more depressed on the 
Hospital Anxiety and Depression Scale (Burton 
et al., 1998), and another showed that psycho-
logical distress was one of the strongest nega-
tive predictors of participation in breast cancer 
screening (O’Donnell et al., 2010) (see below).

(e) Social support and networks

Social networks may influence women’s deci-
sion-making about mammography screening, 
among all socioeconomic groups (Stamler et al., 
2000; Fowler, 2006). Different social settings may 
influence different groups of women. In a study 
in the USA, African-American women aged 
65 years and older who had had a mammogram 
in the previous year, compared with those who 
had not, were more likely to have living children 
and grandchildren and to participate in social 
activities more frequently (Zhu et al., 2000).

In one study, co-workers were identified 
as having a strong influence for women older 
than 50 years, whereas friends and family were 
identified as being more influential for women 
in the younger age groups (Stamler et al., 2000). 
Data from a survey of 260 Samoan women aged 
50 years and older in Los Angeles County, USA, 
over a 20-year period suggested that interpersonal 
networks may have accounted for the dramatic 
increase in the rate of adoption of screening 
within the 5 years preceding the survey (Levy-
Storms & Wallace, 2003). Being part of a church-
based health communication network appeared 
to increase the likelihood of having had a recent 
mammogram (Fox et al., 1998; Levy-Storms & 

Wallace, 2003). Also, among working Muslim 
Iranian women, there were suggestions of a link 
between religious involvement and increased 
participation in mammography screening 
(Hatefnia et al., 2010).

(f) Health-care services

Several factors within the health-care service 
system may influence participation in breast 
cancer screening. In a study in Canada among 
three age groups (<  30  years, 30–49  years, and 
≥ 50 years), the physician was the most important 
influence for the different modalities of breast 
cancer screening in all age groups (Stamler et al., 
2000).

In a study in the USA, women who had had 
a mammogram in the previous year, compared 
with those who had not, were 3  times as likely 
to have a regular doctor and about 6  times as 
likely to have a doctor’s recommendation for a 
mammogram (Zhu et al., 2000).

Satisfaction with services could influence 
participation in screening. A study in the USA 
among 397 women undergoing a screening 
mammogram at three university-affiliated radi-
ology clinics showed the importance of four 
major components: satisfaction with clinical 
services, physical experience, psychological 
experience, and communication with clinical 
personnel (Tang et al., 2009).

(g) Other barriers

Practical problems, such as being busy at 
work or at home, forgetting the appointment, or 
having other more pertinent tasks, may influ-
ence participation (Crump et al., 2000; Aro et al., 
2001; Tsunematsu et al., 2013). This could affect 
women in either organized screening or oppor-
tunistic screening.

Experiencing or fearing pain during the 
mammography examination is a barrier to 
participation for some women (Aro et al., 2001; 
Papas & Klassen, 2005; Fayanju et al., 2014).
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3.1.2 Cultural factors

Cultural understanding of breast cancer 
and breast cancer screening has been shown to 
influence women’s decisions about participation 
in screening (Garbers & Chiasson, 2004; Pfeffer, 
2004; Yu et al., 2005). Some women’s cultural 
understanding of screening may be contrary to 
that of health professionals, and may be given 
priority over medical advice (Rajaram & Rashidi, 
1998). In the USA, among 321 inner-city African-
Americans, women who were more knowledge-
able about cancer and its prevention were more 
likely to have been appropriately screened (Sung 
et al., 1997). Lack of knowledge about breast 
cancer could be related to socioeconomic group 
and could be a barrier to screening (McDonald 
et al., 1999; Farmer et al., 2007). However, studies 
from different cultural contexts as diverse as 
Nigeria, Turkey, and Chinese immigrants in the 
USA indicate that more knowledge about breast 
cancer does not automatically increase screening 
rates (Yu et al., 2005; Canbulat & Uzun, 2008; 
Bello et al., 2011). A study among 58 Latinas 
participating in focus-group interviews showed 
that women generally perceived breast cancer 
screening as a risky behaviour because of the 
many personal and interpersonal consequences 
associated with the detection of breast cancer 
(Borrayo et al., 2005).

Strong cultural beliefs of fatalism have been 
identified as a barrier to screening for Latinas (in 
Mexico and in the USA). In a literature review of 
11 studies, most of them (64%) reported a statis-
tically significant association between fatalism 
and non-use of cancer screening services among 
Latinas (Espinosa de Los Monteros & Gallo, 2011). 
Studies from Israel, Kenya, and the USA have all 
found that fatalism could be a barrier to screening 
(Mayo et al., 2001; Peek et al., 2008; Baron-Epel, 
2010; Muthoni & Miller, 2010). If cancer is seen 
as a disease that is curable when detected early, 
screening can be perceived as worthwhile, but 
if cancer is seen as always fatal, early diagnosis 

might be seen as having no value (Straughan 
& Seow, 2000; Pfeffer, 2004). Moreover, women 
may experience fear of mastectomy as a barrier 
to screening participation because loss of a breast 
might have social consequences (Peek et al., 2008; 
Bodapati & Babu, 2013).

In late modern societies, discourses on women’s 
participation in mammography screening have 
been characterized by morality, responsibility, 
and obligation to participate in available medical 
examinations (Kaufert, 1996; Klawiter, 2008; 
Willis, 2008; Solbjør et al., 2012a).

(a) Minority groups and acculturation

Ethnic background itself is not an 
independent predictor of attendance in 
mammography screening, but differences in 
participation have been found between ethnic 
groups (Consedine, 2012; Edgar et al., 2013). 
Results about the effect of ethnicity on breast 
cancer screening are ambiguous. A study from 
the USA suggested that even when controlling 
for education and income, some differences 
exist with ethnicity (Rawl et al., 2000). However, 
ethnicity is connected to culture, and cultural 
values and beliefs partially explain differences 
between ethnic groups. Moreover, the social situ-
ation in which women live is often also associ-
ated with ethnicity (Lindén-Boström et al., 2010; 
Flores et al., 2013).

Among immigrant women, the degree of 
acculturation to the culture into which they have 
moved could predict health status. Language 
acculturation has been found to be of specific 
importance for participation in mammography 
screening, among immigrant women to the USA 
from the former Soviet Union (Ivanov et al., 2010) 
and among Mexican-American women (Suarez 
& Pulley, 1995). Acculturation was associated 
with a higher likelihood of having had a recent 
mammogram, but this effect was not significant 
when controlling for sociodemographic factors 
(Abraído-Lanza et al., 2005). Period of residence 
in the country of immigration influences rates of 
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screening (Ivanov et al., 2010). For Iraqi refugee 
women, psychosocial aspects, culturally medi-
ated beliefs, and health consequences of war 
were identified as major barriers to their ability 
and motivation to obtain breast cancer screening 
(Saadi et al., 2012).

(b) Worry and perceived risk

There is an association between worry 
about breast cancer or perceived risk of breast 
cancer and participation in mammography 
screening. A meta-analysis of 12 prospective 
studies that measured worry about breast cancer 
and screening behaviour among 3342 women 
concluded that there is a positive relationship 
between worry about cancer and screening 
behaviour (Hay et al., 2006). A meta-analysis of 42 
studies found an association between perceived 
risk and mammography screening (Katapodi et 
al., 2004). Another study found that worry about 
breast cancer risk appears to be associated with 
mammography use in a bell-shaped pattern, 
where women reporting moderate levels of worry 
were more likely to participate in mammography 
annually than those who were either mildly or 
severely worried (Andersen et al., 2003).

3.1.3 Information and understanding

This section addresses the issue of informa-
tion provided by screening providers to women 
who are potential participants in screening, and 
how it may influence screening participation. In 
many countries, the mass media covers issues 
related to breast cancer screening and poten-
tially contributes to communicating informa-
tion on screening to the general public, but it is 
not included in this section (see Section 3.2 for 
region-specific data).

(a) Informed decision-making

Breast cancer screening programmes invite 
women who are presumably free of symptoms to a 
medical examination. Participation in screening 

may have both positive and negative effects for 
individuals, and ethical and legal considerations 
suggest that women should be fully informed 
about the benefits, limitations, and harms of 
a screening process and its aftermath. While 
some women trust the health authorities with 
the decision (Østerlie et al., 2008), many women 
want to make their own informed decision about 
mammography screening (Hersch et al., 2011). 
One study in the USA showed that most adults 
perceive mammography as valuable, probably 
due partly to decades of screening promotion 
campaigns (Schwartz et al., 2004). It is important 
to note that literature and debates on informed 
decision-making come primarily from high-in-
come countries and that issues in low- and 
middle-income countries may be different.

The dominant approach to information about 
cancer screening has emphasized benefits, to 
improve participation in screening programmes. 
Many studies have examined how tailored infor-
mation may increase screening participation 
(e.g. Champion et al., 1997; Rakowski et al., 
1998; Latimer et al., 2005; Williams-Piehota 
et al., 2005). Albada et al. (2009) reviewed 18 
studies of tailored information on mammog-
raphy screening, and 6 of them reported that 
educational interventions increased adherence 
to mammography. [The authors did not assess 
whether these interventions increased women’s 
informed decision-making.] In a more recent 
review (Biesecker et al., 2013), 5 of 8 interventions 
on screening for different diseases were reported 
to facilitate informed choice. [The Working 
Group noted that it remained unclear whether 
this was due to better understanding of informa-
tion, and the review fell short of explaining the 
effective components of interventions that facili-
tate informed choice.]

If autonomy of choice is the leading ethical 
principle, women should be provided with 
balanced evidence-based information to 
enable them to make informed decisions about 
health care (Barratt, 2008). Several terms, 
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such as “informed decision-making” and 
“informed choice”, have been used to describe 
this process. Informed choice includes knowl-
edge, attitudes, and test choice, and at least two 
different scales of measure have been developed 
to measure informed decision-making (the 
Multidimensional Measure of Informed Choice 
and the Decisional Conflict Scale) (Biesecker et 
al., 2013).

The issue of what constitutes balanced infor-
mation on screening is subject to debate. Based 
on 12 articles, “balance” can be defined as “the 
complete and unbiased presentation of the rele-
vant options and the information about those 
options – in content and in format – in a way 
that enables individuals to process this infor-
mation without bias” (Abhyankar et al., 2013). 
Presenting information in a side-by-side display 
form was associated with more users/respondents 
judging the information as balanced (Abhyankar 
et al., 2013). However, sometimes patient deci-
sion aids may deviate from neutrality to counter 
pre-existing biases, such as pre-existing values 
and beliefs (Blumenthal-Barby et al., 2013). An 
example of pre-existing bias was found about 
the different recommendations for mammog-
raphy for women younger than and older than 
50  years (Schulz & Meuffels, 2012). The bias 
was the reluctance to accept that mammog-
raphy is not usually recommended for women 
younger than 50 years, which was in contrast to 
the overwhelming acceptance of breast cancer 
screening for women older than 50  years. This 
points towards the difficulty of acceptance of 
“doing nothing”. Balancing information means 
including the “doing nothing” option (Abhyankar 
et al., 2013). Others have argued that decisions 
about mammography screening should be indi-
vidualized based on patients’ risk profiles, pref-
erences, and values (Pace & Keating, 2014). Yet 
others have argued that designing patient deci-
sion aids that lead patients to make a particular 
choice may be “more ethical” than balanced, 
nondirective content (Blumenthal-Barby et al., 

2013). This controversial standpoint raises ques-
tions about who should decide what is the most 
ethical option, and which information should be 
provided to women.

Many studies have assessed women’s knowl-
edge of the benefits and risks of mammography 
screening. Text analyses of information material 
show that women are often not being informed 
about the likelihood of having a false-positive 
result, about overdiagnosis and overtreatment 
(Jørgensen & Gøtzsche, 2004, 2006; Giordano 
et al., 2005), or about the possibility and impli-
cations of a diagnosis of carcinoma in situ 
(Jørgensen & Gøtzsche, 2004). More recently, in a 
study in the Netherlands that measured 13 items 
of knowledge about breast cancer screening, 
95% of the 229 respondents were deemed to 
have sufficient knowledge to make an informed 
choice about mammography screening; 68% of 
the women responded correctly on the item of 
overdiagnosis, and there was 90% consistency 
between intention to participate (or not) and 
attitude (van Agt et al., 2012). Other studies 
have found women to overestimate the benefit of 
mammography screening and their own risk of 
breast cancer (Chamot et al., 2001; Domenighetti 
et al., 2003). Many women who intend to partic-
ipate in mammography screening believe that 
breast cancer can be prevented or cured through 
screening (Vahabi & Gastaldo, 2003). In addi-
tion, women of screening age may overestimate 
the mortality reduction due to mammography 
screening (Edgar et al., 2013). Women with strong 
“utility beliefs” in screening were more inclined 
to participate (Lauver et al., 2003), whereas belief 
that mammography screening is recommended 
every 4 years or not at all may lead to deciding not 
to participate (Chamot et al., 2001). Also, women 
might believe that mammography will detect all 
breast cancers, as the visualization technology 
convinces them of its potential (Solbjør 2008; 
Griffiths et al., 2010). Beliefs about breast cancer 
and screening can be seen as a hindrance to 
making an informed decision (Denberg et al., 
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2005). Knowledge about the benefits and nega-
tive consequences of mammography screening 
must be present for women to make an informed 
choice about participation.

In a literature search in Germany, six studies 
on screening mammography showed that the 
majority of women were uninformed about 
the benefits of screening and the incidence of 
false-positive and false-negative test results 
in mammography (Dreier et al., 2012). In a 
cross-sectional study in south-western Nigeria, 
where a self-administered questionnaire was 
used to assess the knowledge, attitudes, and 
practice of breast cancer screening programmes 
among nurses in a university teaching hospital 
and among women in non-health professions, 
the authors concluded that good knowledge did 
not imply higher screening rates (Bello et al., 
2011). Moreover, in a study in Switzerland, many 
women were not interested in detailed infor-
mation about mammography screening that 
is deemed relevant by public health authorities 
(Chamot et al., 2005). Women may say “no” to 
professional recommendations about mammog-
raphy screening because they see themselves as 
being at low risk of breast cancer, being their 
own health experts, and claiming responsibility 
for their own health, rather than conforming 
to professional perspectives on health care 
(Michaels et al., 2008).

Laypeople may conceptualize informed 
choice differently from policy-makers, and infor-
mation about the disease could be as important 
as information about the risks and the limita-
tions of screening (Jepson et al., 2007). Studies 
in Scandinavia have found that women may trust 
health authorities to offer relevant screening 
programmes and thus participate in screening 
on the basis of receiving an invitation (Forss 
et al., 2001; Østerlie et al., 2008; Willis, 2008). 
Moreover, women may see participation as a 
responsible action, as the morally right thing 
to do (Crossley, 2002; Pfeffer, 2004). For some 
women, very strong feelings lead to a reluctance 

to accept contrary information. For example, 
women with breast cancer participating in 
online breast cancer discussion boards were in 
opposition to the 2009 United States Preventive 
Services Task Force (USPSTF) recommendation 
against routine screening mammography for 
women in their forties (Barker & Galardi, 2011).

Several articles have argued that women 
must be informed about all possible outcomes of 
screening mammography, such as having a recall/
false-positive result, having breast cancer or 
ductal carcinoma in situ (DCIS), or overdiagnosis 
on the population level. Some women express 
surprise at the possible extent of overdiagnosis 
(Hersch et al., 2013; Waller et al., 2013). About 
half of the women in a British study had ever 
heard of overdiagnosis before being confronted 
with the term during a survey (Waller et al., 
2014). The concept of overdiagnosis was difficult 
to understand, and the study suggested that brief 
printed information on overdiagnosis is unlikely 
to have a major impact on participation in breast 
screening. Women who received information 
about the ratio of lives saved to overdiagnoses had 
a greater decrease in intention to participate than 
women who received information about the total 
number of overdiagnoses compared with lives 
saved in the United Kingdom (Waller et al., 2014). 
A randomized controlled trial is currently being 
conducted in Australia to investigate the conse-
quences of providing information about overde-
tection of breast cancer to women approaching 
the age of invitation to mammography screening 
(Hersch et al., 2014). Not knowing about the 
uncertainties of mammography screening could 
change women’s trust in mammography when 
they experience a false-negative/interval cancer 
(Solbjør et al., 2012a). A qualitative study with 
semi-structured interviews in 10 women diag-
nosed with DCIS as a result of mammography 
screening highlighted that the diagnosis had 
changed the women’s information needs and 
that most of them would have liked to have had 
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more information about DCIS when they were 
invited to routine screening (Prinjha et al., 2006).

(b) Ways of presenting information

Methods of communicating information 
are important to ensure that women’s informa-
tion needs are met. Which kind of informa-
tion should be given to women is the subject of 
ongoing debate. However, information mate-
rial has been criticized to be pro-screening 
and biased (Jørgensen & Gøtzsche, 2004, 2006; 
Gummersbach et al., 2010). Analyses of online 
health information have suggested that it is inad-
equate to support informed decision-making on 
screening (Burkell & Campbell, 2005). More 
information about breast cancer is included in 
brochures from programmes established earlier 
compared with newer programmes (Zapka et al., 
2006).

The manner in which information is provided 
could also influence whether women will make 
an informed choice. Whether women prefer 
numerical or verbal information varies. In a study 
in Canada, two thirds of participants preferred 
numerical information, but comprehension 
was higher among women who received prob-
abilistic information in verbal format (Vahabi, 
2010). Numbers for screening effects can be 
presented as either relative risk reduction or 
absolute risk reduction. One study analysed how 
four different scenarios for presentation of data 
on screening affected women’s decision-making 
and found that respondents indicated a signifi-
cantly greater willingness to have a test when the 
benefit of a “new” screening test for breast cancer 
was expressed as relative risk reduction (88%) 
rather than either absolute risk reduction (78%) 
or all-cause mortality (53%) (Davey et al., 2005). 
Significantly more respondents considered infor-
mation about absolute risk reduction to be “new” 
to them (65%) compared with information about 
relative risk reduction (30%). The results demon-
strate that women’s willingness as individuals 
to participate in mammography screening is 

influenced by how information is framed, and 
indicate that the quantitative content of informa-
tion aids must be comprehensive and balanced 
to promote informed choice (Davey et al., 2005).

For women with low literacy, video material 
may be a way to communicate information, as 
has been tried among Latinas (Borrayo, 2004) 
and Chinese immigrants in the USA (Maxwell 
et al., 2011). Coleman et al. developed and tested 
a particular motivational book at a maximum 
third-grade literacy level, which led to increased 
knowledge and intent to follow guidelines among 
pilot participants (Coleman et al., 2003a). In the 
USA, several pilot studies that used health advi-
sors to reach minority women with information 
about breast cancer screening have increased 
knowledge, uptake, and follow-up among 
Hispanic women (Koval et al., 2006; Fernández et 
al., 2009), Vietnamese-American women (Bird et 
al., 1998; Nguyen et al., 2009), Korean-American 
women (Han et al., 2009), African-American 
women (Coleman et al., 2003b; Crump et al., 
2008), and Chinese-American women (Yu et al., 
2007). In a study in Brazil, the mass media was 
found to be a source of information about breast 
self-examination (BSE) (Brito et al., 2010).

3.1.4 Psychological consequences of 
mammography screening

Participation in breast cancer screening could 
have psychological or psychosocial consequences 
for women, which are largely dependent on the 
result of the screening process. This section 
summarizes the psychological impacts of an 
invitation to screening, of a negative result, of a 
diagnosis of breast cancer, and of interval cancer, 
as well as the impact of a false-positive result on 
further participation. The psychological conse-
quences of a false-positive result and of DCIS are 
evaluated in Section 5.3.5.
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(a) Psychological consequences of an 
invitation to screening

Invitation to routine breast screening by itself 
may affect some women negatively, making them 
nervous, anxious, or depressed (Johnston et al., 
1998). The invitation may also increase women’s 
concern about breast cancer (Scaf-Klomp et al., 
1997). However, such impacts of the invitation are 
not homogeneous. In a sample of 1253 women, 
the letter of invitation reduced anxiety about 
breast problems in 39.7%, increased anxiety in 
24.6%, and had no appreciable effect in 35.7% 
(Swanson et al., 1996). A woman’s perception 
of the impact of receiving the letter of invita-
tion and undergoing the screening examination 
procedure is likely to be related to her previous 
levels of concern about breast problems.

(b) Psychological consequences of a normal 
screening result

Women who receive a clear negative result 
after participation in mammography screening 
generally have few negative psychological conse-
quences from screening (Sutton et al., 1995; Scaf-
Klomp et al., 1997; Lowe et al., 1999; Aro et al., 
2000; Meystre-Agustoni et al., 2001) (reviewed 
by Brett et al., 2005; Hafslund & Nortvedt, 2009).

Some women may feel reassured by a clear 
negative result, perceiving mammography 
screening to be a reassuring preventive initiative 
(Brodersen et al., 2011). A few studies have even 
suggested improved psychological well-being 
and reduced anxiety after screening (Dean et 
al., 1986; Baines et al., 1990; Walker et al., 1994; 
Bakker et al., 1998), which lasted up to 2 months 
after screening (Scaf-Klomp et al., 1997) (reviewed 
by Hafslund & Nortvedt, 2009).

Although most articles report few psycho-
logical consequences of screening participation 
among women who receive a clear negative 
result, there have been discussions on how to 
measure anxiety due to participation in breast 
cancer screening. Questionnaires developed for 

measuring general psychiatric morbidity may 
not be able to measure changes among other-
wise healthy individuals, and Cockburn et al. 
(1992) developed and validated a questionnaire 
(the psychological consequences questionnaire) 
to measure the psychological consequences of 
screening mammography. This questionnaire 
has been used both among the general population 
undergoing screening and among women who 
are recalled after mammography (Cockburn et 
al., 1994; Swanson et al., 1996; Olsson et al., 1999; 
Meystre-Agustoni et al., 2001; Brodersen et al., 
2004). These studies point to small psycholog-
ical consequences of mammography screening. 
Swanson et al. (1996) found that the psycholog-
ical consequences questionnaire was sensitive 
in measuring changes in anxiety about breast 
problems, and concluded that screening proce-
dures can either increase or decrease anxiety 
about breast problems or have no appreciable 
effect. Therefore, participants in breast screening 
programmes cannot be considered a homoge-
neous entity (Swanson et al., 1996).

(c) Psychological consequences of a breast 
cancer diagnosis

Having a breast cancer diagnosis will likely 
have psychological and psychosocial conse-
quences. Psychological distress is strongly asso-
ciated with the diagnostic phase for suspected 
breast cancer (Montgomery & McCrone, 2010). 
Being diagnosed with breast cancer after partic-
ipating in mammography screening for women 
without symptoms may potentially have specific 
psychological consequences, but no studies were 
found comparing the mode of detection and its 
influence on the psychological aspects of having 
a breast cancer diagnosis. A qualitative interview 
study in Denmark found that women who are 
diagnosed with breast cancer through screening 
may feel optimistic about the future due to the 
internalization of arguments about how early 
detection of breast cancer may save lives (Ryle, 
2009).
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(d) Psychological consequences of interval 
cancer

No reviews or other articles were found 
about psychological consequences of having 
a false-negative result. However, it was shown 
that women’s experiences with interval breast 
cancer may affect their trust in mammography 
screening (Solbjør et al., 2012a). A study in the 
Netherlands found that breast cancer patients 
with interval cancers attended the screening 
programme less often than breast cancer patients 
with screen-detected tumours, within 5  years 
as well as more than 5 years after treatment (de 
Munck et al., 2013). [One possible explanation is 
that the patients may have been disappointed and 
therefore reluctant to re-enter the programme.] 
One qualitative study showed that participation 
in a mammography screening programme may 
contribute to a delayed reaction when symptoms 
are detected between screening rounds (Solbjør 
et al., 2012b).

(e) Impact of a false-positive result on further 
participation

Negative psychological consequences of 
participation in screening may have an impact 
on further participation in mammography 
screening. Long-term psychological conse-
quences of having a recall may negatively affect 
women’s experiences at future screening rounds 
(Lampic et al., 2001) or affect future attendance 
in mammography screening (Marshall, 1994; 
Brett & Austoker, 2001; Brett et al., 2005). In 
their review on long-term effects of false-posi-
tive mammography results, Brewer et al. (2007) 
found that the effect of having a recall influenced 
women in different countries and within different 
screening regimes differently. Women in the 
USA were more likely than women in Europe to 
return for routine screening mammography after 
false-positive results. This may be explained by the 
opt-in system in the USA and the opt-out system 
in Europe (Brewer et al., 2007). If women opt in 

for mammography screening, they may already 
have considered eventualities such as a recall, 
whereas women who participate in an opt-out 
screening programme may be more surprised at 
having a false-positive result. Defrank & Brewer 
(2010) even suggested that having a false-posi-
tive mammography screening result increases 
women’s perceived likelihood of having breast 
cancer and decreases their belief in test results, 
and that this will affect further participation 
in screening mammography. Experiences of 
false-positive results could lead to non-participa-
tion in the future, especially if coupled with a lack 
of advice on regular screening from the women’s 
physicians (DeFrank et al., 2012). However, a 
study in Denmark found no significant differ-
ence in participation in the subsequent round 
between women with a false-positive test result 
and women with a negative test result (Andersen 
et al., 2008).

3.2 Availability and use of screening 
programmes

3.2.1 Europe

Breast cancer screening programmes are well 
established in many European countries. Most 
have organized programmes, several of which 
are now more than 25 years old, such as those 
in Finland, the Netherlands, and the United 
Kingdom. These programmes shared many 
aspects of their development from the outset 
and still have much the same form of delivery. 
For many years the European Union (EU) 
funded the European Breast Screening Network 
(EBSN), which encouraged the establishment of 
organized programmes and also the dissemi-
nation of knowledge from the more established 
programmes to pilot programmes. In 1993, the 
EBSN produced the first European guidelines for 
quality assurance in mammography screening 
(Kirkpatrick et al., 1993). These guidelines are 
now in their fourth edition (Perry et al., 2006).
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The long-term support from the EBSN, when 
the screening service was new and needed to 
be developed in many countries, was a major 
influence on the common approach that devel-
oped across much of Europe. The EBSN included 
several pilot programmes and an annual meeting. 
It first focused on the delivery of high-quality 
screening and then moved on to publish quality 
standards and guidance for those establishing 
new programmes. The EBSN facilitated mutual 
cooperation and understanding, and enabled 
sharing of experiences about advances in tech-
nology and also about understanding of the 
science and epidemiology of breast screening. 
This international cooperation was also extended 
to countries that were not members of the EU, 
such as Norway and Switzerland, and in recent 
years was extended to include the countries 
in central and eastern Europe that had joined 
the EU.

The Council of the EU agreed on a recommen-
dation on cancer screening in December 2003 
(Council of Europe, 2003). This followed on the 
success of the EBSN, which had been emulated 
by the cervical cancer screening commu-
nity and the burgeoning interest in colorectal 
cancer screening. The Council recommendation 
included the need to offer evidence-based cancer 
screening through a systematic population-based 
approach with quality assurance at all appro-
priate levels. The recommendation also included 
the requirement to ensure that the people partic-
ipating in a screening programme were fully 
informed about the benefits, limitations, and 
adverse effects. Mammography screening for 
breast cancer in women aged 50–69  years in 
accordance with the European guidelines for 
quality assurance in mammography screening 
was then listed as one of the approved tests.

Health is not one of the areas in which 
the EU determines policy across all Member 
States. Therefore, the European guidelines for 
quality assurance in mammography screening 
are not mandatory, but they are a recognized 

authoritative view on best practice, with much 
practical advice for those countries operating, 
or beginning to operate, breast screening 
programmes. Member States are free to decide 
for themselves how to design and deliver the 
breast screening programmes in each country, 
and variations in protocols generally reflect soci-
etal pressures on the screening programme, the 
resources available, and the health-care system 
in which they operate. Thus, where health care 
is locally led, such as in Belgium, Portugal, and 
Sweden, the screening programme is run by the 
county or similar local authority. In the United 
Kingdom, there are effectively four screening 
programmes, reflecting the four constituent 
countries of the United Kingdom. Thus, initia-
tives to compare data across European countries 
face difficulties in obtaining comparative data.

(a) Systems, policies, and guidelines

Two Europe-wide surveys were recently 
carried out under different EU auspices, and 
Table 3.1 summarizes the key findings reported. 
The first European survey, published in 2012, 
described the organization of mammography 
screening in Europe and presented some basic 
quality indicators (Giordano et al., 2012a). 
Data were provided by only 18 of the 29 coun-
tries asked to participate; 10 countries provided 
national data, and the other 8 countries provided 
only regional data, although some (Portugal, 
Spain, and Sweden) from more than one regional 
programme. In 2014, the European Commission 
Joint Research Centre (JRC) carried out a further 
survey to prepare for consideration of a Europe-
wide quality assurance system for breast cancer 
care, including screening (Lerda et al., 2014). This 
included a slightly different group of countries, 
and 25 of the 30 countries asked to participate 
provided a response. Whereas the first survey 
was peer-reviewed and aimed to provide compar-
ative data, the JRC report came with the caveat 
that the figures were described as indicative only 
and not for comparison. The JRC report drew 
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176 Table 3.1 Policies and practice for breast cancer screening with mammography in Europe

Country, region Start 
year

Target 
age 
(years)

Interval 
(years)

No. of 
mammography 
viewsa

Double 
reading?

No. of 
screening 
tests per 
year

Invitation 
coverageb 
(%)

Examination 
coveragec (%)

Participation 
rated (%)

Referencese

Austria, 
Burgenland, Tyrol

Pilot 40–69 1–2 — — — — — — Lerda et al. (2014)

Austria, Vienna-
Vorarlberg-
Salzburg

Pilot 50–69 1–2 — — — — — — Lerda et al. (2014)

Belgium, Flanders 2001 50–69 2 2 Yes 134 356 82.2 37.4 37.9 Giordano et al. (2012a)
Cyprus 2003 50–69 2 — — — 100 65.0 — Lerda et al. (2014)
Czech Republic 2002 45–69 2 2 Yes 374 157 — 41.0 — Giordano et al. (2012a)
Denmark, 
Copenhagen

1992 50–69 2 2/1 Yes 16 987 64.6 46.7 — Giordano et al. (2012a)

Estonia 2002 50–59 2 2 Yes 20 534 78.3 39.1 50.0 Giordano et al. (2012a)
Finland 1987 50–69 2 — Yes 211 183 68.4 84.0 87.0 Giordano et al. (2012a), 

Finnish Cancer 
Registry (2014)

France 2004 50–74 2 2 Yes 2 361 548 — 52.4 — Lastier et al. (2013)
Germany, pilot 
projects

2001 50–70 2 2 Yes 20 097 65.8 34.7 52.8 Giordano et al. (2012a)

Hungary 2002 45–65 2 2 Yes 219 406 75.9 29.0 38.2 Giordano et al. (2012a)
Ireland, east 2000 50–64 2 — Yes 59 960 87.3 68.4 78.3 Giordano et al. (2012a)
Italy 1990 50–69 2 2/1 Yes 1 072 357 50.9 28.4 56.7 Giordano et al. (2012a)
Latvia 2009 50–69 2 — — — 99.0 34.0 — Lerda et al. (2014)
Lithuania 2005 50–69 2 2 — — — 51.4 — Lerda et al. (2014)
Luxembourg 1992 50–69 2 — Yes 14 009 93.9 58.5 62.3 Giordano et al. (2012a)
Malta 2009 50–60 3 2 — — 100 60.0 — Lerda et al. (2014)
Netherlands 1988 50–75 2 2 Yes 890 837 94.8 78.5 82.6 Giordano et al. (2012a)
Norway 1996 50–69 2 2 Yes 185 389 94.2 72.1 76.6 Giordano et al. (2012a)
Poland 2007 50–69 2 2 No 935 416 115.2 39.4 19.4 Giordano et al. (2012a)
Portugal, centre 1990 45–69 2 2 Yes 73 182 97.4 60.4 62.1 Giordano et al. (2012a)
Portugal, north 1999 45–69 2 2 Yes 32 122 80.2 54.0 67.3 Giordano et al. (2012a)
Slovenia 2008 50–69 2 2/1 — — 28.0 78.6 — Lerda et al. (2014)
Spain, Asturias 1991 50–69 2 2 No 40 136 81.8 59.8 73.1 Giordano et al. (2012a)
Spain, Balearic 
Islands

1990 50–64 2 2 Yes 13 018 54.4 36.9 67.8 Giordano et al. (2012a)
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Country, region Start 
year

Target 
age 
(years)

Interval 
(years)

No. of 
mammography 
viewsa

Double 
reading?

No. of 
screening 
tests per 
year

Invitation 
coverageb 
(%)

Examination 
coveragec (%)

Participation 
rated (%)

Referencese

Spain, Basque 
Country

1990 50–64 2 2/1 No 76 229 95.0 72.3 76.1 Giordano et al. (2012a)

Spain, Galicia 1992 50–66 2 2 Yes 86 170 84.6 66.7 78.9 Giordano et al. (2012a)
Spain, Navarra 1990 45–69 2 2 No 37 044 103.6 92.1 88.9 Giordano et al. (2012a)
Spain, Valencia 1992 45–69 2 2/1 Yes 209 271 101.9 73.9 72.5 Giordano et al. (2012a)
Sweden, 
Södermanland

1990 40–74 2 2/1 Yes 21 222 84.6 71.0 84.0 Giordano et al. (2012a)

Sweden, Stockholm 1989 40–69 2 2/1 Yes 76 371 95.5 66.8 70.0 Giordano et al. (2012a)
Sweden, 
Västmanland

1986 40–69 2 2/1 Yes 19 617 93.7 82.5 88.1 Giordano et al. (2012a)

Switzerland, 
Fribourg

2004 50–70 2 2/1 Yes 6886 88.7 46.7 44.3 Giordano et al. (2012a)

United Kingdom, 
England

1988 50–70 3 — Yes 1 634 688 102.4 78.0 74.2 Giordano et al. (2012a)

a  2/1 indicates two views at first screening and one view at subsequent screening.
b  Annual invitations as percentage of annual target population. Data from Lerda et al. (2014) should be considered mainly as indicative trends, as it was not possible for the authors to 
ensure that the data were consistently reported by country.
c  Annual examinations as percentage of annual target population. Data from Lerda et al. (2014) should be considered mainly as indicative trends, as it was not possible for the authors 
to ensure that the data were consistently reported by country.
d  Annual examinations as percentage of annual invitations.
e  Data from Lerda et al. (2014) were provided by national authorities and are generally presented at a national level without the regional details. Data from Giordano et al. (2012a) 
were provided as part of the European Network for Information on Cancer (EUNICE) project, funded by the European Commission. Contributors were those involved with 
detailed operations of the screening programmes in their regions and countries. Most countries are represented in both surveys, but data from the Giordano et al. (2012a) survey are 
preferentially shown where available, as the data are more detailed and have been peer-reviewed. There are some differences between the two data sources, and more information is 
available on individual countries in the full survey reports.

Table 3.1   (continued)
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on the previous work (Giordano et al., 2012a) 
and provided supplementary information. These 
surveys reflect the different ways in which breast 
screening is run in the different countries in 
Europe, although all aspire to the same quality 
standard defined in the European guidelines for 
quality assurance in mammography screening.

In 2007, 26 of the 27 Member States of the 
EU had breast screening programmes operating, 
and in 22 of those countries the programme 
was organized on a population basis (von Karsa 
et al., 2008). Overall, it has been estimated that 
screening programmes in those 26 countries 
offered breast screening by mammography 
regularly to more than 79% of their eligible 
populations, with some countries yet to achieve 
screening over their entire territory. The size 
of the populations served by a breast screening 
programme varies from the very large popu-
lations of England and France to the much 
smaller populations of Luxembourg or a Swiss 
canton. In some of the smallest programmes, 
fewer than 20 000 women are screened per year. 
Austria is piloting an organized programme, 
and Switzerland has local provision of screening, 
some of which is organized and some of which 
is opportunistic (Giordano et al., 2012a). Most 
countries report having a system that is mainly 
or totally public and that is provided at little or 
no cost to women, although in 20 countries at 
least some private sector provision of screening 
is involved (Lerda et al., 2014). Of the 20 coun-
tries with organized screening programmes 
included in the JRC survey, all reported a degree 
of national coordination, except for Belgium and 
Spain (Lerda et al., 2014).

Countries with regional programmes may 
have health-care decisions that differ between 
regions. For example, in Spain the different prov-
inces make their own health policy decisions, and 
the age range for screening depends on where a 
woman lives (Giordano et al., 2012a).

All breast screening programmes in Europe 
use mammography, and two views and double 

reading are standard in most areas. The type 
of double reading (consensus, arbitration, etc.) 
varies among the programmes, and there are a 
few exceptions where a single view and/or single 
reading are used. France also includes clinical 
breast examination (CBE) (Lerda et al., 2014), but 
this is not usual. All countries screen women in 
the age group 50–59 years, although some start 
at age 40 or 45 years and most also invite women 
up to age 69 or 70 years (Giordano et al., 2012a). 
However, among the services reported, France, 
the Netherlands, and one county in Sweden 
(Södermanland) also invite women up to age 74 or 
75 years. England, alone in the United Kingdom, 
is conducting a trial of also offering screening 
appointments to women aged 47–49  years or 
71–73 years (Moser et al., 2011). All countries in 
Europe screen at 2-year intervals, with the excep-
tion of Malta and the United Kingdom, which 
use a 3-year interval, and there is some scope for 
annual screening in the pilot in Austria.

Screening for women at high risk of breast 
cancer at a more intensive level is generally 
available across Europe. Several European coun-
tries (Austria, Germany, Italy, the Netherlands, 
Norway, and the United Kingdom) have carried 
out cohort studies on high-risk women using 
magnetic resonance imaging (MRI) as well as 
mammography as the screening technique. The 
European Society of Breast Cancer Specialists 
has reviewed the evidence and produced 
consensus guidelines (Sardanelli et al., 2010) 
taking into account the recommendations from 
North America (Saslow et al., 2007). High-risk 
protocols focus on genetic risk (BRCA1/2 and 
TP53 mutation carriers) and family history. 
Provision of more intense breast screening for 
survivors of cancers in childhood and young 
adulthood is generally a local clinical decision. 
High-risk surveillance protocols have recently 
been formally incorporated into the screening 
programme in England (Department of Health, 
2013). Recent legislation in some states in the 
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USA about breast density may influence practice 
in Europe in the future (see Section 3.2.2).

Across Europe, the switch to digital 
mammography is well established, but some 
analogue screen-film mammography sets are still 
in use. There has been extensive use of computed 
radiography in some countries, particularly in 
the early years of digital mammography, when 
this made the conversion cheaper and poten-
tially quicker to achieve. There have been prob-
lems with computed radiography technology in 
some jurisdictions, and at the same time digital 
mammography has become more established. 
Computer-aided detection has not come into 
general use.

Discussion and research have now moved 
on to the use of digital breast tomosyn-
thesis. Research trials are under way in some 
screening programmes to evaluate and assess 
this technology for routine use. There are some 
early adopters, but so far no single screening 
programme has moved to routine use of digital 
breast tomosynthesis.

The European quality assurance guide-
lines emphasize that the invitation to screening 
and initial imaging are only the start of the 
process. Women with abnormalities will need 
to have those abnormalities assessed, and any 
woman with cancer will require treatment. No 
screening programme encompasses treatment; 
several, such as the programmes in the United 
Kingdom, include the diagnostic workup in the 
programme, but others, such as the programme 
in the Netherlands, make a referral at that point. 
In France, the radiologist may undertake ultra-
sonography and clinical examination at the time 
of the initial imaging if this is thought to be 
warranted at that time (Lerda et al., 2014).

Across Europe, the need to deliver breast 
screening to the requisite quality has been 
accepted as the appropriate standard of care. Four 
editions of the European guidelines for quality 
assurance (Perry et al., 2006) have developed the 
concept, starting from the quality of the original 

image, to cover the diagnostic process, including 
histopathology and the underpinning epidemi-
ology for the programmes. The basic importance 
of a high-quality image has remained over the 
years, and there are now guidelines to cover 
digital mammography, MRI, and the appropriate 
use of ultrasonography, including input about 
physics where necessary. Given the difference in 
population sizes across the different countries in 
Europe, the quality assurance operation can be 
regionally or nationally based, but often there 
is national coordination of data to enable eval-
uation of the overall activity. This has enabled 
the Europe-wide surveys to have an overview of 
the services that are delivered (Giordano et al., 
2012a; Lerda et al., 2014).

The European guidelines for quality assur-
ance specify that personnel should hold appro-
priate professional qualifications, but these vary 
from one state to another and there are complex 
EU rules governing recognition of medical and 
allied qualifications between states. However, 
universally after initial training, personnel are 
required to undergo specialist training for work 
in breast cancer screening, to participate in 
continuing education and update training, and to 
participate in any recognized quality assurance 
schemes. Also, who actually reports the mammo-
gram can vary from one country to another. For 
example, in the United Kingdom, radiographers 
have evolved “advanced practice” and can not 
only report the images but also perform several 
diagnostic procedures, such as needle biopsies. 
In contrast, in the United Kingdom there is no 
role in breast cancer for the gynaecologist, which 
is standard practice in several other countries in 
Europe.

(b) Participation

Participation rates in organized programmes 
are reported to vary from just under 20% in 
Poland to nearly 90% in the Navarra region of 
Spain, with an average across Europe of just less 
than 50% (Giordano et al., 2012a). It is not known 
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how many women are screened outside of the 
organized programmes (von Karsa et al., 2008). 
Estimates of opportunistic screening rates were 
sought in the JRC survey, but of the 22 countries 
that responded, no information was available 
for 5 and the rates were regarded as very low 
in 8 (Lerda et al., 2014). However, the contribu-
tion of opportunistic screening was regarded as 
significant in Austria, Belgium, Cyprus, Finland, 
France, Italy, Malta, Slovenia, and Switzerland.

Participation in breast cancer screening is 
influenced by personal, socioeconomic, cultural, 
and other factors (see Section  3.1). Generally, 
in Europe, the more affluent a woman, the 
more likely she is to participate in breast cancer 
screening (Maheswaran et al., 2006; Moser et 
al., 2009), whereas ethnic minority status and, 
particularly, being an immigrant are likely to 
decrease screening participation (Vermeer & 
Van den Muijsenbergh, 2010). These factors 
can be influenced by how the screening offer is 
made and how access to screening is organized 
(Palència et al., 2010). A randomized controlled 
trial in Italy that invited women to screening by 
different means of communication concluded 
that invitation letters with a fixed appointment 
to screening correlated with a higher attendance 
rate but did not overcome the social gradient in 
participation (Giordano et al., 2012c). However, a 
study from 22 European countries found socio-
economic inequalities in screening in countries 
with opportunistic screening but not in countries 
with nationwide population-based programmes 
(Palència et al., 2010). A study in France found 
that the existence of a screening programme 
decreased socioeconomic differences in partici-
pation, especially in women aged 60  years and 
older (Duport & Ancelle-Park, 2006). As part 
of the European initiative on screening partic-
ipation funded by the European Commission, 
Molina et al. (2013) reported on social inequalities 
in participation in cancer screening programmes 
in Spain.

(c) Information and breast cancer awareness

The information provided to women who are 
invited to screening has developed a great deal 
since the early years, when the emphasis was 
on encouraging or even persuading women to 
participate. In 1999, Austoker wrote about the 
need to respect patients’ autonomy and not to 
gloss over the uncertainties and harms, as well 
as describing the benefits (Austoker, 1999). The 
United Kingdom moved to an explicit policy of 
informed choice in 2003, and the fourth edition 
of the European quality assurance guidelines 
included, for the first time, a section on commu-
nication to support informed decision-making 
and described four ethical principles: autonomy, 
non-maleficence, beneficence, and justice (Perry 
et al., 2006). In reviewing the current state of 
knowledge on breast screening in Europe, the 
Euroscreen Working Group discussed how to 
communicate the issue of balancing benefits 
and harms in breast screening (Giordano et al., 
2012b). One of the points made was that women 
did not make decisions about whether to partici-
pate in screening based solely on the quantitative 
and evidence-based information provided but 
also took into account cultural factors and other 
issues.

In the past 20  years, October has become 
Breast Cancer Awareness Month in many coun-
tries around the world, including most of Europe. 
Since 2008, 15 October has been designated as 
Breast Health Day to focus activity even further. 
Europa Donna, the European Breast Cancer 
Coalition, has promoted Breast Health Day in all 
the countries of the EU (Fricker, 2009). In 2014, 
the National Health Service in England ran a 
specific campaign to improve awareness about 
breast cancer in older women because of concern 
that older women were delaying presentation 
to their doctor after finding symptoms in their 
breasts (Grunfeld et al., 2002; NHS Choices, 
2014).



Breast cancer screening

181

3.2.2 North America

This discussion focuses on Canada and the 
USA.

Breast cancer screening is available and is well 
established in North America. In both Canada 
and the USA, some level of organized and oppor-
tunistic screening exists, but in Canada breast 
cancer screening is delivered mostly through 
organized programmes, whereas in the USA 
screening is mostly opportunistic. These two 
countries have unique health systems, and there-
fore they will be described separately.

(a) Canada

In 1992, the Canadian federal government 
launched the Canadian Breast Cancer Screening 
Initiative (CBCSI), which has since been inte-
grated into the Canadian Partnership Against 
Cancer (CPAC, 2013). Currently, federal funding 
for the CBCSI is through the Public Health 
Agency of Canada.

(i) Systems, policies, and guidelines
Among the 13 provinces and territories 

in Canada, organized breast cancer screening 
programmes have been initiated in all except 
Nunavut; British Columbia started its programme 
in 1988, and the Northwest Territories started its 
in 2003 (see Table 3.2). Opportunistic screening, 
typically performed in facilities not participating 
in the organized programme, is also available in 
all provinces and territories, and some women 
who qualify for the organized programme, 
as well as women in age groups that are not 
invited to screening, can receive screening 
mammograms outside of the programme. For 
example, of the 60% of women aged 50–74 years 
in Ontario who were screened in 2011–2012, 
approximately 16% were screened outside of the 
organized programme (Cancer Quality Council 
of Ontario, 2014). The Public Health Agency of 
Canada promotes to the target population the 
advantages of organized screening compared 

with opportunistic screening, based on the reli-
ability and quality of a programme that includes 
population-based recruitment, automatic recall/
reminders for subsequent screening, coordinated 
follow-up for abnormal screening results, system-
atic quality assurance, and the ability to provide 
monitoring and evaluation of programme 
performance (CPAC, 2013). In Canada, there is 
no cost to women for screening mammography, 
regardless of whether they are screened in the 
organized programme or opportunistically.

The Canadian Task Force on Preventive 
Health Care recommends mammography 
screening every 2–3  years for women aged 
50–74  years (Tonelli et al., 2011), but the prov-
inces and territories set their own screening 
policies with respect to age, high-risk status, and 
invitation versus physician referral (Table  3.2). 
All provinces and territories invite women 
aged 50–69  years to biennial mammography 
screening; however, they differ in terms of 
whether mammography screening is available 
by invitation or by physician referral for women 
younger than 50 years and older than 70 years, 
and also in the type of mammography that is 
available. Screening mammograms are provided 
at fixed sites in the larger urban areas, and through 
mobile mammography for rural and distant 
communities. Digital mammography is available 
in Canada, both with digital radiography and 
with computed radiography, although computed 
radiography is no longer available in Ontario 
after evidence demonstrating lower sensitivity 
led Health Ontario to ban the use of computed 
radiography for breast cancer screening (Chiarelli 
et al., 2013; Montgomery, 2013). However, the 
penetration of digital radiography is highly 
variable both in the organized programmes 
and in settings that provide only opportunistic 
screening. For example, in Newfoundland, all 14 
units in the screening centres are digital radiog-
raphy units, and in Ontario, which accounts for 
38% of the population of Canada, digital radi-
o graphy units account for 95% of the screening 
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182 Table 3.2 Policies and practice for breast cancer screening with mammography in North America

Country Start year Target age (years) Interval (years) Examination coveragea (%)

Canada All provinces invite women aged 50–69 years to biennial screening with 2-view 
mammography. Policies for other age groups vary by province; see below

47.3

  Alberta 1990 40–49 
70–74 
≥ 75

1 
2 
NR

7.5b

  British Columbia 1988 30–39 
40–49 
70–79 
≥ 80

PR, NR 
1 
2 
PR, NR

56.5

  Manitoba 1995 40–49 
≥ 70

PR, 2 
PR, NR

58.4

  Nunavut No programme, but opportunistic screening is available
  New Brunswick 1995 40–49 

≥ 70
PR, NR 
PR, NR

59.2

  Newfoundland and Labrador 1996 ≥ 70 IPE, NR 40.1
  Northwest Territories 2003 40–49 

≥ 70
1 
2

28.9

  Nova Scotia 1991 40–49 
≥ 70

1 
NR

59.9

  Ontario 1990 30–49 
70–74 
≥ 75

HR, PR, 1 
2 
NR

42.5

  Prince Edward Island 1998 30–39 
40–49 
70–74

HR, PR, 1 
1 
2

—

  Quebec 1998 35–49 
≥ 70

PR, NR 
PR, NR

60.1

  Saskatchewan 1990 70–74 
≥ 75

IPE, 2 
NR

50.0

  Yukon 1990 40–49 
≥ 70

NR 
2

—

USA Mid-1980s 40–49 
50–74

1 
2

51.3

HR, high-risk; IPE, accept if previously enrolled in the screening programme; PR, physician referral; NR, no recall (indicates that women in this age group will be accepted for screening 
but will not be recalled for subsequent screening).
a  Canada: women who had a screening mammogram within a 30-month period as percentage of target population, in 2009. USA: women who had a screening mammogram in the 
previous year as percentage of target population, in 2013.
Data for Canada from CPAC (2013); data for USA from USPSTF (2009) and Smith et al. (2015).
b  Data for Alberta were collected from the Screen Test programme only, which conducts approximately 10–12% of screening mammograms in the province.
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units. In contrast, all screening units in Manitoba 
are screen-film units. Some of the provinces and 
territories, such as British Columbia, are transi-
tioning to digital radiography units (Dr Martin 
J. Yaffe, University of Toronto, Canada, personal 
communication, 2014).

In the organized screening programmes, 
the coordination of invitations and recall 
for screening is managed through a central-
ized programme or agency (Alberta, 
British Columbia, Manitoba, Northwest 
Territories, Nova Scotia, and Saskatchewan), 
through screening centres (New Brunswick, 
Newfoundland and Labrador, Ontario, Prince 
Edward Island, and Yukon), or through regional 
coordination centres (Quebec) (CPAC, 2014). 
Women are invited every 2  years, but some 
women are invited after 1  year, based on age, 
breast density, family history, and results of 
previous screening examinations. Five prov-
inces or territories invite women on an annual 
basis if they have a mammographic density of 
more than 75% (Newfoundland and Labrador, 
Northwest Territories, Nova Scotia, Ontario, and 
Saskatchewan). If the screening mammogram is 
abnormal, either the screening programme or 
the woman’s primary care provider coordinates 
follow-up testing (CPAC, 2013, 2014).

Six provinces or territories also have incorpo-
rated criteria for referral to MRI for women at high 
risk (Alberta, British Columbia, Newfoundland 
and Labrador, Nova Scotia, Ontario, and Prince 
Edward Island), principally for women who have 
undergone genetic testing and tested positive for 
a BRCA1/2 mutation or other high-risk mutation 
of known penetrance, or women who had chest 
irradiation at age 10–30 years (CPAC, 2014).

All provinces have quality assurance 
programmes that focus on image quality. Most 
provinces and territories also have requirements 
for minimum numbers of screening exami-
nations that radiologists should evaluate each 
year, and most evaluate radiologists’ level of 
performance annually (Prince Edward Island 

and Yukon are exceptions) (CPAC, 2014). In 
Alberta, Northwest Territories, and Quebec, the 
minimum annual volume of mammography 
examinations is 480–500, which is similar to 
the minimum volume (480) in the USA under 
the Mammography Quality Standards Act 
(MQSA) (FDA, 1992); higher minimum annual 
volumes are required in Manitoba, Ontario, 
and Saskatchewan (1000), New Brunswick 
(1200), Newfoundland and Labrador and Nova 
Scotia (2000), and British Columbia (2500). In 
some provinces or territories, both screening 
and diagnostic examinations are acceptable for 
minimum volume requirements (Alberta, New 
Brunswick, and Ontario), whereas in the others, 
only screening examinations qualify. National 
targets also exist for screening outcomes on 
initial and subsequent screening examina-
tions, including abnormal recall rate, invasive 
cancer detection rate, positive predictive value, 
proportion of screen-detected invasive cancers 
of 15  mm or smaller, and interval cancer rates 
(CPAC, 2013). Six provinces or territories solicit 
feedback from women undergoing screening 
about their satisfaction with the process (Alberta, 
British Columbia, Manitoba, Newfoundland 
and Labrador, Northwest Territories, and Nova 
Scotia) (CPAC, 2014).

(ii) Participation
The target participation rate for the breast 

cancer screening programmes in Canada is 70% 
attendance of women aged 50–69  years within 
a 30-month period. The programmes also have 
target retention rates of 75% for women aged 
50–69  years who return for screening within 
30 months after an initial screen and of 90% for 
a subsequent screen (CPAC, 2013). In 2009, 47.3% 
of women aged 50–69 years had been screened 
within the previous 30 months, with a range of 
7.5% to 60.1% among the organized programmes 
(Table  3.2). Based on a review of 52 studies of 
mammography use among Canadian women, 
Hanson et al. concluded that the most common 
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barriers to screening were ethnic minority status, 
older age, and concerns about radiation, pain, 
and embarrassment (Hanson et al., 2009). Lower 
income, low awareness about breast cancer and 
breast cancer screening, language and commu-
nication difficulties, and living in a rural area 
were also common barriers. While some studies 
identified lower educational status as a barrier to 
screening, others did not, leading to speculation 
that the expected influence of lower educational 
status on uptake of screening had been miti-
gated by programmes targeted at women with 
lower education levels. The reason reported most 
frequently by women for having had a recent 
mammogram was a provider’s recommendation.

(iii) Information and breast cancer awareness
Strategies to increase screening uptake 

in Canada include letters of invitation, mass 
media campaigns, population-based invitations, 
and educating physicians to increase referrals 
to screening. Advocacy groups also provide 
educational information. On the website of the 
Canadian Breast Cancer Foundation, there is 
clear information about the benefits and limita-
tions of mammography, including a discussion 
about overdiagnosis and advice to be informed 
about breast cancer screening and to make an 
informed decision about screening (Canadian 
Breast Cancer Foundation, 2014).

(b) USA

(i) Systems, policies, and guidelines
In the USA, mammography screening 

began to become available opportunistically 
during and after the initiation of the Breast 
Cancer Detection Demonstration Project by 
the American Cancer Society (ACS) and the 
National Cancer Institute (Baker, 1982), after the 
publication of favourable results from the Health 
Insurance Plan of Greater New York randomized 
trial of breast cancer screening (Shapiro et al., 
1971). The increase in mammography screening 
was significantly influenced by advocacy groups 

and federal and state agencies’ promotion of 
mammography to women and primary care 
providers during the late 1980s and early 1990s 
(CDC, 1989), as well as by advocacy groups’ efforts 
to compel state and federal regulations to require 
mandated coverage of mammography by health 
insurance plans (CDC, 2000). In 1981, only one 
state in the USA (Illinois) mandated that health 
plans cover mammography, but by 2000 the 
District of Columbia and all but one state (Utah) 
mandated health insurance reimbursement for 
mammography screening. Despite state legisla-
tion, many women either had no health insur-
ance or had a health plan that was not covered by 
state law, and thus still faced financial barriers to 
screening (Trivedi et al., 2008).

Many, but not all, of these shortcomings in 
coverage were resolved in 2010 by the passage 
of the Affordable Care Act, which requires that 
new or altered private health plans fully cover 
(i.e. no cost sharing) preventive health services, 
including mammography (Blumenthal & 
Collins, 2014). Thus, for all women with private 
health plans, screening mammography in the 
USA is fully covered. Some low-income women 
and all adults aged 65 years and older are covered 
by two federal programmes, Medicaid and 
Medicare. By statute or agency policy, Medicaid 
or public assistance programmes in all 50 states 
and the District of Columbia cover mammog-
raphy screening for breast cancer either routinely 
or upon a physician’s recommendation. Medicare 
covers annual mammography for women aged 
65  years and older. Under the Affordable Care 
Act, women living in states that enter into an 
agreement with the federal government to 
expand Medicaid will have the same coverage for 
mammography screening as women with private 
health plans. However, in 2014 only about half of 
the states had chosen to expand Medicaid. Under 
Medicare, coverage for screening mammog-
raphy every 2 years began in 1991, and coverage 
for screening mammography annually began in 
1998 (NCI, 2013).
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Recommendations for breast cancer 
screening for women at average risk are 
issued by numerous organizations in the USA, 
although the dominant guideline development 
organizations are the ACS and the USPSTF 
(Smith et al., 2003; USPSTF, 2009). ACS guide-
lines recommend that women undergo CBE at 
least every 3 years between age 20 years and age 
40 years, and annually afterwards, and that they 
begin annual mammography at age 40 years and 
continuing screening until a woman likely will 
no longer benefit from screening due to poor 
health conditions. [Note added after the Meeting: 
These guidelines have recently been updated.] 
The USPSTF does not recommend CBE, and 
recommends biennial screening between age 
50  years and age 74  years. However, under the 
Affordable Care Act, the United States Congress 
requires health plans to cover mammography 
screening beginning at age 40 years, according to 
previous USPSTF guidelines (NBCCEDP, 2002). 
Although neither the ACS nor USPSTF recom-
mends monthly BSE, the majority of physi-
cians in the USA report that they recommend 
mammography, CBE, and BSE to women aged 
40 years and older (Meissner et al., 2011). In addi-
tion, considerable deviation from guidelines by 
health-care professionals is also seen, with either 
overuse or underuse of mammography (Bynum 
et al., 2005; Kapp et al., 2010; Leach et al., 2012).

In 2007, the ACS issued guidelines for high-
risk women and recommended annual screening 
mammography and MRI starting at age 30 years 
for women with a known BRCA mutation, women 
who are untested but have a first-degree relative 
with a BRCA mutation, women with a 20–25% 
or greater lifetime risk of breast cancer as esti-
mated mainly by family history, or women who 
had been treated with radiation to the chest for 
Hodgkin lymphoma between age 10  years and 
age 30 years (Saslow et al., 2007).

In the USA, mammography quality assurance 
is governed by the United States Food and Drug 
Administration under the MQSA (FDA, 1992). 

Early quality assurance efforts in the USA were 
strongly influenced by the American College 
of Radiology’s Mammography Accreditation 
Program, which had the goal of establishing 
quality standards for mammography and 
began to accredit mammography facilities in 
August 1987 (McLelland et al., 1991). To ensure 
that women could depend on a uniform set of 
quality standards in all mammography facili-
ties, Congress passed the MQSA in 1992. Under 
the MQSA, all facilities offering mammography 
services are required to be accredited by an 
approved accrediting body, undergo an annual 
on-site inspection, and be certified by an agency 
designated by the Secretary of Health and Human 
Services. The Food and Drug Administration 
was assigned the task of enforcing the MQSA by 
establishing standards for personnel, equipment, 
quality control, record-keeping, regulations, 
inspection processes, compliance mechanisms, 
and penalties for failure to comply with the regu-
lations (Fintor et al., 1995). Accreditation must 
be renewed every 3 years, and on-site inspections 
by the state health department occur annually. 
Interpreting physicians must be board-certified 
in radiology or board-certified with extensive 
additional training related to radiology, and are 
required to interpret 960 mammograms over 
a 24-month period and to receive continuing 
medical education related to mammography 
over a 36-month period (FDA, 1992, 2014).

Under MQSA regulations, referring physi-
cians and women undergoing screening must 
receive a report of the mammography results, 
and the woman’s report should be written in lay 
language. Recently, 21 states have passed legisla-
tion mandating that mammography reports also 
include communication about breast density if a 
woman has heterogeneously dense or very dense 
breast tissue (Are You Dense?, 2013). The legisla-
tion is being promoted by the advocacy group Are 
You Dense? and commonly requires that women 
with significant breast density be informed on 
their mammography reports about their breast 
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density, and that women with significant breast 
density should consider supplemental imaging. 
Federal legislation has also been introduced, and 
the National Mammography Quality Assurance 
Advisory Committee has endorsed adding 
similar language to the current federal require-
ments for reporting the results of mammography 
examinations (National Mammography Quality 
Assurance Advisory Committee, 2011).

(ii) Participation
In the USA, nearly all breast cancer 

screening is opportunistic, but it shares various 
programme elements commonly found in organ-
ized screening programmes. Some screening 
programmes, such as those operated by more 
integrative health plans and, in particular, the 
Centers for Disease Control and Prevention’s 
National Breast and Cervical Cancer Early 
Detection Programme, have a greater degree of 
organization, but neither meets the level of inte-
gration of key elements that distinguishes organ-
ized programmes from opportunistic models 
(NBCCEDP, 2014). In the absence of central regis-
ters to provide invitations to screening, a referral 
from a health-care professional has remained the 
main reason that women report for having had 
a recent mammogram (MacDowell et al., 2000).

Mammography is widely available in the USA, 
although access may be limited by geography in 
rural and frontier areas and by shortages of units 
and personnel in some urban areas (D’Orsi et al., 
2005; Coughlin et al., 2008; Leung et al., 2014). 
Availability of mammography is not governed by 
any central authority, and despite an increasing 
population, the number of mammography facil-
ities has been declining in recent years. Between 
2000 and 2010, the number of mammography 
facilities and mammography units in the 
USA declined by 10%, and the median county 
mammography capacity declined by 20%, from 
1.77 to 1.42 mammography machines per 10 000 
women aged 40  years and older (Elkin et al., 
2013). Geographical variation in capacity and 

declines in capacity were associated with demo-
graphic, socioeconomic, and health-care market 
characteristics. Specifically, counties with a 
higher percentage of uninsured population, 
lower education levels, and higher population 
density had a lower mammography capacity.

Uptake of mammography was fairly rapid 
in the period from 1985 to 1989, and by 1990 
a summary of seven studies demonstrated that 
between 25% and 41% of non-Hispanic White 
women aged 50–74  years reported having had 
a mammogram in the previous year (NCI, 
1990). Data from the National Health Interview 
Survey in 2013 showed that 51.3% of American 
women aged 40 years and older reported having 
had a mammogram in the previous 12 months, 
revealing that there had been little change in 
breast cancer screening rates among American 
women since 2005, when 51.2% of women 
aged 40 years and older reported having had a 
mammogram in the previous year (Smith et 
al., 2015). Breast cancer screening rates differed 
by ethnicity, ranging from 45.9% in Hispanic 
women to 52.6% in non-Hispanic Black women, 
and screening rates among the insured (54.8%) 
were more than twice those among the unin-
sured (22.3%).

(iii) Information and breast cancer awareness
In the USA there are numerous opportunities 

for women to acquire information in various forms 
(websites, educational materials, public service 
announcements, etc.) about the benefits, limita-
tions, and harms associated with breast cancer 
screening. Educational efforts are supported 
by federal and state health agencies, nongov-
ernmental organizations (NGOs), health plans, 
and health service providers (American Cancer 
Society, 2014; CDC, 2014; Susan G. Komen, 2014). 
Guidelines commonly recommend mammog-
raphy but also emphasize that women should be 
informed about screening mammography and 
that referring physicians should support shared 
and informed decision-making. However, the 
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content of this information commonly differs 
in terms of the detail and thoroughness on key 
aspects of the benefits, limitations, and harms 
associated with breast cancer screening.

3.2.3 Latin America

Latin America includes Central America, 
South America, and the Spanish-speaking 
countries of the Caribbean. It is characterized 
by disparities in social and health service devel-
opment, not only between countries but also 
within countries. These conditions, and particu-
larly contextual factors related to health system 
organization and financing, strongly influence 
the implementation and performance of breast 
cancer screening (Akinyemiju, 2012).

Some of the countries with the highest 
per capita gross domestic product (GDP) in 
the region, such as Argentina, Brazil, and 
Uruguay, have high breast cancer incidence 
rates (age-standardized rate, ≥ 60 per 100 000), 
whereas countries with similar GDPs, such as 
Chile, Mexico, and Venezuela, have lower inci-
dence rates (age-standardized rate, 35–41 per 
100 000) (Ferlay et al., 2012; PAHO, 2012). There 
are large differences between countries in health 
system development; in some countries, such as 
Paraguay, about 80% of the population is without 
health coverage or insurance, whereas other 
countries, such as Cuba, report 100% health 
coverage (PAHO, 2012).

Despite differences in the definition of health 
system coverage, most countries in the region 
report social security systems with coverage 
for workers and their relatives, but only a few 
countries have implemented substantial comple-
mentary health-care coverage through insur-
ance plans not only for workers but for the 
entire population; Chile, Colombia, Costa Rica, 
and Puerto Rico have reached more than 90% 
of their citizens, Peru about 60%, and Mexico 
about 40% (PAHO, 2012). However, the package 
of services included in these insurance plans 

varies enormously; consequently, specific insur-
ance plans for cancer treatment have been imple-
mented in some countries, such as Mexico, Peru, 
and Uruguay, but not in all countries (PAHO, 
2012).

(a) Systems, policies, and guidelines

With the exception of Venezuela, all of the 
Latin American countries in which breast cancer 
is the leading cause of cancer mortality among 
women have developed recommendations or 
guidelines for early detection; however, currently 
no country in the region meets all the criteria 
of organized programmes. Cuba, El Salvador, 
and Peru have also developed national recom-
mendations, despite the fact that breast cancer is 
not the leading cause of cancer mortality among 
women in those countries (Ferlay et al., 2012; 
PAHO, 2013). The available recommendations 
are summarized in Table 3.3.

Of the 13 countries with national recommen-
dations, 6 include BSE as one of the strategies for 
breast cancer control, 10 include CBE, and 12 
include mammography as the basic component 
for screening, but only 3 (Colombia, El Salvador, 
and Peru) specify two-view mammography in 
the available guidelines.

Although the basic screening strategies are 
similar, there are some differences between 
the Latin American countries in the age range 
and the frequency of examination. El Salvador, 
Panama, and Peru recommend BSE to all women 
after menarche, whereas the remaining coun-
tries recommend BSE for adult women, except 
for Cuba, which recommends starting BSE at 
age 30  years. The largest variability is seen for 
CBE: three countries recommend starting CBE 
at age 40 years, three recommend starting during 
the thirties, two recommend starting during 
the twenties, and the remaining two countries 
recommend CBE for all women after menarche. 
The observed differences between countries, and 
particularly the recommendation of BSE and CBE 
for all women, may indicate that those strategies 
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Table 3.3 Policies and practice for breast cancer screening in Latin America

Country National recommendation or guidelinea Mammography units 
per million women 
aged 50–69 years in 
2013b

Screening 
practice

Target age (years) Interval (years)

Argentina CBE 40–50 1
Mammography 50–70 2 —

Brazil CBE 40–69 1
Mammographyc 50–69 2 —

Chile Mammography 50–74 2 32.2d

Colombiae CBE ≥ 40 1
Mammography 50–69 2 —

Costa Rica Mammography ≥ 40 1 150.3
Cuba BSEf ≥ 30 —

CBE ≥ 30 1
Mammography 50–64 3 15.6b

Dominican 
Republic

BSE ≥ 18 Monthly
CBE ≥ 35 Any contact with health provider
Mammography ≥ 35 35–40: 2 —

> 40: 1
El Salvador BSE All women Monthly 70

CBE All women Any contact with health provider
Mexico BSE ≥ 20 Monthly

CBE ≥ 25 1
Mammography 40–69 2 74.5

Panama BSE All women Monthly
CBE All women Any contact with health provider
Mammography ≥ 35 35: baseline 278.5

40–50: 1–2
> 50: 1

Perug BSE All women Monthly
CBE ≥ 30 1
Mammography ≥ 40 1 —

Puerto Rico Mammography 50–74 2 —
Uruguay CBE ≥ 20 20–39: 3 

≥ 40: 1
Mammography ≥ 40 1–2 172.4

a PAHO (2013).
b WHO (2014).
c  In women with a family history of breast cancer, mammography is annual, starting at age 35 years.
d  Restricted to the public sector.
e  Updated from Ministerio de Salud y Protección Social (2013).
f Ortíz-Martínez et al. (2005).
g INEN (2008).
BSE, breast self-examination; CBE, clinical breast examination.
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are not necessarily considered as screening tech-
niques with false-positive and false-negative 
results but rather as complementary actions for 
general women’s health care, a hypothesis that is 
reinforced by the fact that no specific indications 
about quality control or impact evaluation were 
found.

For mammography, six countries recom-
mend beginning screening at age 50 years, four 
at age 40 years, and two during the thirties. The 
recommendation to provide mammography 
screening for women before age 50  years, and 
before age 40 years in the Dominican Republic 
and Panama, may be influenced by the relevant 
percentage of cases in this age group in most 
Latin American countries. Like for BSE and 
CBE, despite the widespread existence of recom-
mendations, not all countries seem to have devel-
oped evidence-based guidelines, and even among 
those with this tool, such as Chile, Colombia, and 
Mexico, the final indication for mammography 
screening differs, with only Colombia including 
an economic evaluation to establish recommen-
dations (Secretaría de Salud de México, 2008; 
Ministerio de Salud de Chile, 2011; Ministerio 
de Salud y Protección Social, 2013). The situation 
described here does not take into account guide-
lines developed by scientific societies and other 
organizations outside of national governments.

With regard to high-risk women, Colombia 
and Mexico provide specific recommendations 
in the available guidelines, with a clear defi-
nition of risk categories and screening based 
on MRI (Secretaría de Salud de México, 2008; 
Ministerio de Salud y Protección Social, 2013). 
Peru describes risk factors for breast cancer, 
but no specific definition of high-risk women 
is presented; in addition, recommendations for 
high-risk women aged 35 years and older are the 
same as those for women at average risk aged 
40  years and older (INEN, 2008). In contrast, 
Chile recommends using validated risk scales, 
but no specific recommendation for screening 
of high-risk women is presented (Ministerio de 
Salud de Chile, 2011).

Information on health service availability 
and supply is scarce in Latin American countries. 
Some data show the highest rates of mammog-
raphy units per million women aged 50–69 years 
in Panama, Uruguay, and Costa Rica (278.5, 
172.4, and 150.3, respectively) and the lowest in 
Cuba and Paraguay (15.6 and 7.3, respectively; 
information restricted to the public sector) 
(WHO, 2014); the low availability of mammog-
raphy units in some countries may be related to 
low participation rates despite the declaration 
of universal health coverage, such as in Cuba. 
A survey conducted among 30 surgical associ-
ations and breast surgery societies in 18 Latin 
American countries showed that more than 53% 
of surgeons lack specific training in breast care 
and that less than 50% have a sufficient number 
of cases per month to warrant proper expertise 
(Acuna et al., 2014).

Latin American countries have made progress 
in policy definition for breast cancer control, 
mainly concerning technical standards, access 
to screening, diagnosis and treatment, resource 
allocation, and training of personnel (González-
Robledo et al., 2010, 2013). Progress on this issue 
does not necessarily result in programme imple-
mentation and performance; indeed, although 
Uruguay has better indicators for breast care 
access, more structured policies and regulations 
are seen in Argentina, Brazil, Colombia, and 
Mexico (González-Robledo et al., 2010). Similarly, 
although Chile does not have strong indicators 
(mammography units per million women, 32.2) 
(WHO, 2014), it has implemented one of the 
most comprehensive policies in Latin America, 
including a law on guarantees for health that 
defines, among other health conditions, specific 
ages and conditions for access to breast cancer 
diagnosis and treatment (González-Robledo et 
al., 2010).

All of the above-mentioned screening guide-
lines and recommendations include general 
indications about mammography quality 
assurance, but no specific guidance is provided 
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and no mention of CBE is made. Argentina, 
Brazil, and Colombia have published guide-
lines for mammography quality control 
(INCA, 2007; Blanco et al., 2010; INC, 2011), 
and the International Atomic Energy Agency 
has designed a quality control programme for 
mammography oriented specifically to Latin 
American countries (IAEA, 2006). No quality 
control programme has yet been implemented 
in Argentina (Viniegra et al., 2010).

A report from Colombia showed results from 
39 centres in 6 capital cities where the quality 
control protocol was implemented. The evalua-
tion included equipment and facilities, processes, 
and film quality. On average, general compliance 
with standards for screen-film mammography 
was 59.4%, with the highest compliance for glan-
dular dose (94.7%) and the lowest compliance for 
image quality and facility conditions for image 
reading (Alejo-Martínez et al., 2013). In the 
same way, data from 35 mammography centres 
in Goiânia, Brazil, revealed an improvement in 
compliance with quality standards from 64.1% 
in 2007 to 77.1% in 2009; 80% of centres met the 
standard for glandular dose, thus indicating a 
positive effect of the quality control programme 
(Corrêa et al., 2012). Another evaluation, carried 
out in five mammography services in Mexico 
City, showed general compliance of between 
52% and 82%, with critical failure points in the 
film-processing darkroom and viewboxes but 
100% compliance in glandular dose. The clin-
ical image reviewed by an external expert panel 
showed poor quality and low reading agreement 
(Brandan et al., 2004). Despite the satisfactory 
results for glandular dose, a recent study by the 
International Atomic Energy Agency in 13 Latin 
American countries that analysed more than 
2000 patient doses found that 15–19% of cranio-
caudal views and 23–26% of mediolateral oblique 
views reported values above the 3 mGy standard; 
in addition, five countries had diagnostic levels 
above this limit, suggesting that improvement 

in process safety, monitoring, and evaluation is 
highly desirable (Mora et al., 2014).

(b) Participation

During the past decade, at least five coun-
tries have reported information on breast cancer 
screening uptake from national probabilistic 
surveys, and five more were included in the 
World Health Survey of 2003 (Table 3.4; WHO, 
2005; Gobierno de El Salvador, 2009; Gobierno 
de Chile, 2011; Minsal, 2011; Profamilia, 2011; 
INSP, 2012; Torres-Mejía et al., 2013).

Most surveys have been focused on mammog-
raphy, with only two countries that collected 
information on BSE, and only one on CBE. Data 
on mammography use differ in terms of year 
of collection, age of surveyed population, and 
definition of coverage. The World Health Survey 
conducted in 2003 obtained information from 
six Latin American countries (the report on the 
topic for Guatemala is not available) (WHO, 
2005). Brazil and Uruguay presented the highest 
uptake in the region, and, similarly, Argentina 
reported 54.2% coverage in 2011 (Minsal, 2011). 
According to the available information, the 
coverage of mammography screening in these 
three countries is more than twice that observed 
for other countries with existing data, except for 
Chile, which has an intermediate coverage of 
36.2% (Gobierno de Chile, 2011). As previously 
stated, these countries have the highest breast 
cancer incidence rates in the region, and Chile 
has one of the most organized health systems in 
Latin America, as well as suitable development of 
policies for cancer control.

Across all Latin American countries, about 
80% of the population is urban, and, in general, 
women living in urban areas have a higher partici-
pation rate in screening than those living in rural 
areas (Table 3.4), probably due to deficiencies in 
health system development (Goss et al., 2013). In 
addition, data from Colombia show that breast 
cancer mortality is concentrated in large urban 
centres, indicating a greater need for action in 
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Table 3.4 Coverage of breast cancer screening in Latin America

Country Target age (years) Coverage definitiona Year of survey Examination coverageb (%) Richest-to-
poorest ratioc

Urban Rural Total

Mammography alone
  Argentina ≥ 40 Within past 2 years 2011 NR NR 54.2 1.5
  Chile 45–64 Within past 5 years 2010 NR NR 36.2
  Colombia 40–69 Within past 2 years 2010 21.3 5.4 18.0 15.5
  Mexico 50–69 Within past 2 years 2012 32.3 17.7 21.0
Mammography or CBE
  Brazil 40–69 Within past 3 years 2003 50.4 28.8 47.1 3.4
  Dominican Republic 40–69 Within past 3 years 2003 19.1 15.2 17.6 1.9
  Ecuador 40–69 Within past 3 years 2003 13.4 5.6 10.8 1.8
  Paraguay 40–69 Within past 3 years 2003 18.9 6.2 13.7 12.3
  Uruguay 40–69 Within past 3 years 2003 55.8 41.4 54.7 2.1
Mammography or ultrasonography
  El Salvador 40–49 Within past 2 years 2008 32.4 12.4 24.3 11.7
CBE only
  Colombia ≥ 35 Within past year 2010 24.0 14.6 24.3 2.6
BSE only
  Colombia 18–69 Monthly practice within past 

year
2010 25.8 18.0 24.2 2.2

  El Salvador 15–49 Monthly practice 2008 17.9 8.8 14.0
a  Definition of coverage indicates the history of screening activities within a given period preceding the corresponding survey.
b  Number of women reporting undergoing screening examination within the coverage period as percentage of total number of women in the target population.
c  Differential coverage between the highest income level and the lowest income level. Caution is advised when comparing ratios, as the definition of income levels varies between 
countries.
BSE, breast self-examination; CBE, clinical breast examination; NR, not reported.
Compiled by the Working Group. Data adapted from WHO (2005), Gobierno de El Salvador (2009), Gobierno de Chile (2011), Minsal (2011), Profamilia (2011), INSP (2012), Torres-
Mejía et al. (2013).
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these zones (Piñeros-Petersen et al., 2010); as the 
data were adjusted and breast cancer is the only 
malignant neoplasm with such a geographical 
distribution, this suggests that the finding is due 
not to registration bias but rather to a lack of 
proper response from the health system.

Uruguay reports comparable coverage 
for women aged 40–49  years and those aged 
50–69  years (57.1% and 52.7%, respectively) 
(WHO, 2005), but Mexico shows a significantly 
lower coverage for women aged 40–49 years than 
for those aged 50–69  years (17.2% and 29.4%, 
respectively) (INSP, 2012; Torres-Mejía et al., 
2013).

The richest-to-poorest ratio as an indicator 
of social disparities in access to breast cancer 
early detection deserves special mention. 
Comparisons merit cautious analysis since defi-
nitions of income strata differ between country 
reports, both in number and in interval limits; 
however, the large gap between the highest and 
lowest income strata for Colombia, El Salvador, 
and Paraguay clearly indicates important social 
inequalities in access to screening, in spite of 
the expected gradient between income levels 
(Table 3.4). Additional studies in Colombia found 
similar results regarding income and education, 
but data on the effect of insurance plan or type of 
affiliation to the health system are contradictory 
(Charry et al., 2008; Piñeros et al., 2011). Reports 
from Brazil and Mexico reveal similar results, 
but in the case of Brazil, racial inequalities have 
been observed in local analysis (Dias-da-Costa et 
al., 2007; Lages et al., 2012), and in Mexico affilia-
tion to the health system is associated with better 
access (Agudelo Botero, 2013). From a different 
perspective, a report from Argentina showed a 
reduction in social disparities when data from 
the 2005 and 2009 National Surveys of Risk 
Factors were compared (De Maio et al., 2012).

National surveys from Chile and Colombia 
reported relevant information on the issue of 
access to diagnosis and treatment after screening. 
In 2010, almost 98% of Colombian women 

received mammography results and about one 
half of women with abnormal mammography 
findings underwent biopsy (Profamilia, 2011); 
since no information is available on specific 
mammography findings, it is not possible to 
establish whether these data represent improper 
access or overuse of confirmatory diagnosis. In 
2011, Chile reported that about 17% of screen-pos-
itive women had no diagnostic follow-up proce-
dures or treatment (Gobierno de Chile, 2011). 
In addition, two reports from different cities in 
Brazil showed a significant delay between clin-
ical suspicion and confirmatory diagnosis, with a 
median time of 3–6 months (Trufelli et al., 2008; 
Soares et al., 2012); furthermore, a significant 
correlation was found between stage IV disease 
and longer elapsed time between mammography 
and final biopsy results. Likewise, two reports 
from Colombia showed that the majority of 
women (65.9%) sought medical attention within 
1  month after initial symptoms or abnormal 
mammography, whereas the median time 
between initial consultation and beginning of 
treatment was 137 days (Piñeros et al., 2009, 2011). 
A report from Mexico showed median times of 
4.6 months from consultation to diagnosis and 
5.2 months from diagnosis to beginning of treat-
ment (Bright et al., 2011). Despite the fact that 
the study population may not be representative 
of the entirety of breast cancer cases for the given 
countries, data were obtained from reference 
institutions in Brazil and Mexico, and the study 
in Colombia recruited more than 1000 cases in 
17 oncology centres in Bogotá.

(c) Information and breast cancer awareness

Among countries with data on BSE, El 
Salvador reported that 81.5% of women aged 
15–49  years received information about breast 
cancer and that 44.7% of them were thought to 
perform BSE (Gobierno de El Salvador, 2009); 
the knowledge level and teaching activity were 
higher among women living in urban areas 
and among older women. Similarly, Colombia 
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reported that 90.3% of women aged 50–69 years 
had knowledge of BSE, particularly those living 
in urban areas and those with higher education 
levels, with no major differences within that age 
range (Profamilia, 2011).

Numerous initiatives aimed at increasing 
knowledge of breast cancer and screening, as 
well as initiatives led by NGOs, may be identified 
in the media (particularly in Brazil); however, 
scarce information on the impact of these efforts 
was found in the scientific literature. A study 
conducted in a municipality in Brazil found that 
the mass media was the most frequent source of 
information about BSE; the level of knowledge 
on the topic (> 68%) was similar to that found 
in other surveys conducted in different cities in 
Brazil (Brito et al., 2010).

Most recommendations and guidelines in 
the region mention the necessity of information, 
communication, and education to encourage 
participation in breast cancer screening; however, 
none of them develops specific guidance on the 
topic, and only the Mexican guidelines explicitly 
recommend providing information on adverse 
events to all women undergoing screening 
(Secretaría de Salud de México, 2008).

Several actions have been implemented 
in Latin American countries in an attempt 
to improve breast cancer screening. Besides 
programme development, research on factors 
associated with screening uptake and adherence 
as well as intervention studies have increased in 
number and quality in the region.

In Peru, a pilot study is being conducted in a 
northern region with community health workers 
educating women aged 40–64  years about 
awareness of breast cancer symptoms, trained 
midwives performing CBE, and local trained 
physicians conducting fine-needle aspiration 
biopsy. Women with positive biopsies are referred 
for full evaluation and treatment (Goss et al., 
2013). In Colombia, a pilot study has been imple-
mented in a cluster randomized trial comparing 
organized hospital-based screening with regular 

care; for the intervention arm, all women aged 
50–69  years attending health services on their 
own were invited to breast cancer screening, 
general practitioners were trained on CBE and 
mammography screening, and a quality control 
programme and follow-up were implemented 
for both CBE and mammography (Murillo et al., 
2008). In Brazil, a centralized model of multi-
disciplinary and comprehensive breast care was 
implemented in Porto Alegre, where control of 
screening adherence and strict follow-up of posi-
tive results are crucial components of the inter-
vention (Caleffi et al., 2009). No results from these 
studies have yet been reported, but preliminary 
data from Colombia showed a higher screening 
uptake and a higher proportion of early breast 
cancer in the intervention group (Thomas et al., 
2013).

3.2.4 Sub-Saharan Africa

Cancer remains a low priority for much of 
the population in sub-Saharan Africa, an area 
that refers to the combined regions of Central 
Africa, East Africa, Southern Africa, and West 
Africa. In many countries in sub-Saharan 
Africa, many barriers to breast cancer screening 
exist, such as lack of infrastructure, inadequate 
training and expertise, inequitable distribution 
of services in urban versus rural areas, and 
poverty. Sociocultural influences, including use 
of traditional medicines, also work against the 
development of population-based breast cancer 
screening programmes.

NGOs are important resources for many 
countries in this region, as they partner with 
governments with the goal of reducing cancer 
mortality, often by promoting early detection, 
diagnosis, and treatment, and reducing the 
stigma that often surrounds a cancer diagnosis 
(Oluwole & Kraemer, 2013).

This section discusses systems, policies, and 
guidelines within the four regions, where data 
were available (Table 3.5). Data on participation 
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rates in screening programmes are non-existent; 
where available, cross-sectional studies of any 
screening or early detection behaviours are 
discussed.

(a) Central Africa

Central Africa includes Angola, Cameroon, 
the Central African Republic, Chad, Congo, the 
Democratic Republic of the Congo, Equatorial 
Guinea, and Gabon.

(i) Systems, policies, and guidelines
No data were found on breast screening poli-

cies or practices for these countries.

(ii) Participation
In Cameroon, a 2011 retrospective study 

examined the medical records of 531 breast 
cancer patients diagnosed at Yaoundé Medical 
Hospital between 1989 and 2009. Self-detection 
was the mode of detection in 95.3% of patients, 
and only 2.9% of patients were diagnosed via 
mammography or CBE (Kemfang Ngowa et 
al., 2011). A study that interviewed 20 women 

presenting with late-stage cancer at Yaoundé 
General Hospital found that the main reasons 
for delay in seeking medical care were inability 
to pay, inadequate diagnosis by general doctors, 
cultural factors including a fatalistic attitude 
after a diagnosis of cancer, and lack of knowl-
edge about breast cancer (Ekortarl et al., 2007). 
Compounding these issues is the fact that treat-
ment for breast cancer is often inaccessible for 
many women (Price et al., 2012). A cross-sec-
tional survey in Cameroon of 120 women in 
2012 reported that although 74.2% of women had 
heard of BSE, 40% had never performed it (Suh 
et al., 2012).

(iii) Information and breast cancer awareness
Although there are no government guide-

lines on breast screening in Cameroon, periodic 
mass campaigns for breast health awareness and 
CBE are organized by the Ministry of Health 
(Kemfang Ngowa et al., 2011). A cross-sectional 
survey of women in Cameroon found that knowl-
edge of preventive measures and risk factors was 
poor (Suh et al., 2012). Solidarité Chimiothérapie 

Table 3.5 Policies and practice for breast cancer screening in sub-Saharan Africa

Country National recommendation or guideline Mammography 
units per million 
women aged 50–
69 years in 2013a

Support 
organization

References

Screening 
practice

Target age 
(years)

Interval 
(years)

Kenya Awareness All women Not stated 6.8b Kenyan Ministry 
of Health

Kenyan Ministry of 
Health (2014)

Mauritius BSE 
CBE

All women 
≥ 30

Not stated 
Not stated

49.7 Mauritius 
Ministry of Health

Republic of Mauritius 
(2014)

South 
Africa

BSE 
CBE 

All women 
All women 

Monthly 
“Regular” 
(unspecified)

7.8 NGO: Cancer 
Association of 
South Africa

CANSA (2014a)

Mammography ≥ 40 1
Swaziland BSE 

CBE 
Mammography

All women 
All women 
≥ 40

Monthly 
Not stated 
1

33.6 NGO: Swaziland 
Breast Cancer 
Network

Swaziland Breast 
Cancer Network 
(2008)

Zimbabwe BSE ≥ 18 Monthly 6.9 NGO: Cancer 
Association of 
Zimbabwe

Cancer Association of 
Zimbabwe (2014)

a WHO (2014).
b  Restricted to the public sector.
BSE, breast self-examination; CBE, clinical breast examination; NGO, nongovernmental organization.
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(SOCHIMIO), a Cameroonian NGO affiliated 
with the Union for International Cancer Control 
(UICC), has initiated several cancer research 
projects in Cameroon. These are aimed primarily 
at providing therapeutic care to cancer patients, 
but educational outreach programmes have also 
been implemented (SOCHIMIO, 2014).

A recent publication from the Democratic 
Republic of the Congo reported use of the Breast 
Health Global Initiative guidelines in imple-
menting a breast cancer awareness campaign in 
Kinshasa in 2010–2012, based on BSE and CBE 
by trained health-care workers (Luyeye Mvila et 
al., 2014). Participating women underwent CBE; 
in the case of suspicious findings, they under-
went mammography and ultrasonography, and 
where necessary a needle biopsy. This campaign 
increased the awareness of breast cancer diag-
nosis and treatment.

(b) East Africa

East Africa comprises Burundi, Comoros, 
Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, 
Malawi, Mauritius, Mozambique, Rwanda, Soma-
lia, Uganda, the United Republic of Tanzania, 
Zambia, and Zimbabwe.

(i) Systems, policies, and guidelines
No data were found on breast screening poli-

cies or practices for the majority of countries in 
East Africa. Historically, medical resources have 
been focused on infectious diseases, and the 
resources allocated to breast cancer detection, 
diagnosis, and treatment have been very limited 
(Dye et al., 2010). It has been suggested that BSE 
could be promoted as a screening method for 
early detection of breast cancer (Azage et al., 
2013).

In recognition of the need to develop formal 
guidelines, a report by the Kenyan Ministry of 
Health called for enhanced health promotion 
and education as well as improved early detec-
tion by introducing or expanding screening 
programmes and by developing guidelines for 

screening and early cancer detection (Kenyan 
Ministry of Health, 2014). However, many of these 
initiatives have yet to be implemented (Matheka, 
2014). Health workers have been proposed as a 
link between the general population and access 
to care, especially in rural areas (Mutebi et al., 
2013).

In Madagascar, breast screening is imple-
mented primarily by NGOs. In 2010, the 
Akbaraly Foundation launched the 4aWomen 
project, which aims to improve the manage-
ment of breast cancer screening and treatment 
(Akbaraly Foundation, 2014).

In Malawi, there are no government guide-
lines on breast cancer screening, and mammog-
raphy screening is available in only one private 
hospital (Msyamboza et al., 2012).

Mauritius is one of the few countries in the 
region with formal guidelines on breast cancer 
screening. Mauritius developed a National 
Cancer Control Programme for 2010–2014 
and recommended breast health awareness 
campaigns encouraging BSE for all women 
and CBE for women aged 30  years and older. 
Population-based screening mammography was 
not thought to be advisable, given the relatively 
high proportion of cancers in women younger 
than 45 years (Republic of Mauritius, 2014).

In Uganda, the limited health-care budget 
and resources are directed towards fighting 
communicable diseases (Galukande & Kiguli-
Malwadde, 2010). In addition, the average age of 
onset of breast cancer is low, and there is a lack 
of mammography units (only two in government 
and two in private health units) and of trained 
personnel (42 radiologists) (Monu et al., 2012). 
Galukande & Kiguli-Malwadde (2010) thus 
commented on the greater availability and lower 
cost of ultrasonography as a potential breast 
cancer screening tool (Galukande & Kiguli-
Malwadde, 2010). Although there is some govern-
ment-subsidized health care, the majority of the 
population has to self-fund care. Consequently, 
the Breast Cancer Guidelines for Uganda (written 



IARC HANDBOOKS OF CANCER PREVENTION – 15

196

by a team of oncologists, surgeons, and radiolo-
gists from Kampala) recommended BSE for its 
practicability and affordability (Gakwaya et al., 
2008).

There are no formal screening guidelines 
in Zimbabwe, but several non-profit organ-
izations such as the Cancer Association of 
Zimbabwe recommend breast health aware-
ness and monthly BSE for women aged 18 years 
and older (Cancer Association of Zimbabwe, 
2014). The Zimbabwean Ministry of Health set 
national goals for cancer prevention and control 
for 2014–2018, including a reduction of late-stage 
breast cancer presentation from 80% to 50% by 
2018 (Ministry of Health and Child Care of 
Zimbabwe, 2013).

(ii) Participation
As in other countries in sub-Saharan Africa, 

in this region women with symptoms of breast 
cancer do not seek medical attention, leading 
to late-stage presentation and poor prognosis. 
Qualitative studies of women in this region 
report a variety of barriers to seeking early diag-
nosis or participating in screening.

Data from 69 breast cancer patients in 
Ethiopia showed that even among women who 
are aware of breast cancer, early signs and symp-
toms are frequently ignored and traditional 
healers are preferred; study participants indi-
cated that stigmatization and social isolation 
complicate discussion and action around breast 
cancer (De Ver Dye et al., 2011).

A 2012 study of 390 health workers in north-
western Ethiopia found that 37% of respondents 
had ever practised BSE and that 14.4% practised 
it regularly. The main reasons for not performing 
regular BSE were not having problems with 
breasts (53.2%), not knowing the technique 
(30.6%), and not knowing its importance (21.4%); 
having knowledge of the importance of BSE was 
a predictor of BSE practice (Azage et al., 2013).

A qualitative study of women in Kenya 
reported differences between rural and urban 

women with respect to knowledge of symp-
toms and the importance of breast screening. 
The majority of women were fatalistic about the 
disease and assumed it to be incurable (Muthoni 
& Miller, 2010).

In Zimbabwe, a series of barriers to breast 
cancer screening and other cancer screening were 
identified. These included lack of access to early 
detection; inadequate resources, equipment, and 
technology; lack of education and awareness 
of the importance of regular cancer screening; 
prohibitive costs of screening services; and lack 
of referral of patients (Ministry of Health and 
Child Care of Zimbabwe, 2013).

(iii) Information and breast cancer awareness
A study in Kenya, designed to improve knowl-

edge and awareness among health workers in a 
hospital in Nairobi using an abbreviated training 
intervention, reported that knowledge and prac-
tical skills related to CBE were low initially but 
improved significantly after the intervention 
(Mutebi et al., 2013). Several NGOs in Kenya, 
such as Cancer Free Women, support a variety of 
awareness and education campaigns, including 
teaching BSE and symptoms of breast cancer to 
Kenyan women (Cancer Free Women, 2013).

In Madagascar, a variety of NGOs provide 
preventive care initiatives and education and 
awareness campaigns (Akbaraly Foundation, 
2014).

In Rwanda, the NGO Breast Cancer Initiative 
East Africa launched a month-long campaign 
in Kigali to provide free CBE to women and to 
educate both women and their partners about 
the importance of cancer awareness (Republic of 
Rwanda Ministry of Health, 2014).

In Zimbabwe, NGOs run a variety of aware-
ness programmes to inform women about cancer 
prevention strategies and cancer screening proce-
dures (Cancer Association of Zimbabwe, 2014).
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(c) Southern Africa

This area comprises Botswana, Lesotho, 
Namibia, South Africa, and Swaziland.

(i) Systems, policies, and guidelines
No data were found on breast screening 

policies or practices for Southern African coun-
tries, with the exception of South Africa and 
Swaziland. In South Africa, the public sector 
health service emphasizes community-level 
health care, complemented by a hierarchical 
referral system through district hospitals. Breast 
cancer symptoms are usually detected by cancer 
patients rather than via screening. Patients attend 
primary health-care clinics and are then referred 
to secondary- and tertiary-level clinics and hospi-
tals for diagnosis and treatment. Residential 
distance from hospitals has been shown to be 
negatively associated with risk of late-stage diag-
nosis (Dickens et al., 2014). The NGO Cancer 
Association of South Africa (CANSA) recom-
mends monthly BSE for all women and regular 
CBE, and performs CBE through mobile health 
clinics and CANSA care clinics throughout 
South Africa (CANSA, 2014b). Annual mammo-
grams are recommended for women older than 
40 years, and mammograms are offered though 
public hospital breast clinics; however, these 
are not free. The Radiological Society of South 
Africa provides reduced-rate mammograms 
during October. Results from a pilot screening 
programme using a mobile mammography unit 
in the Western Cape in women aged 40  years 
and older in 2011–2012 reported multiple prob-
lems, both technical (e.g. poor-quality images) 
and administrative (e.g. images not reaching the 
referral centre), and a low cancer detection rate, 
concluding that commencement of a screening 
programme using this model was not justified in 
this setting (Apffelstaedt et al., 2014).

The Swaziland Breast Cancer Network 
(SBCN) operates two breast cancer clinics, which 
offer free consultations, examinations, diagnosis, 
and referrals. The SBCN recommends monthly 

BSE, and CBE by a trained provider, and has 
developed a referral tool for further diagnostic 
work for patients who report suspicious findings 
(Swaziland Breast Cancer Network, 2008). It is 
unclear whether the SBCN is affiliated with the 
Swaziland Ministry of Health; no formal guide-
lines on breast screening were found on the 
website of the Swaziland Ministry of Health. The 
SBCN recommends that all women older than 
40 years should undergo annual mammography; 
however, it recognizes that mammography is 
used only very occasionally, by those who can 
afford this service.

(ii) Participation
A national population-based cross-sectional 

study of 2202 women in South Africa found that 
only 15.5% reported ever having had a mammo-
gram; screening was associated with being from 
the White or Indian/Asian population group, 
having a higher education level, having greater 
wealth, and having health insurance (Peltzer & 
Phaswana-Mafuya, 2014). Participation rates are 
unavailable for other countries in this region.

(iii) Information and breast cancer awareness
In South Africa, the government and a 

variety of NGOs provide community outreach 
and educational materials to increase awareness 
of breast cancer signs and symptoms. Initiatives 
include mobile breast check units, which travel 
to semi-urban and urban areas offering free 
CBE, education about BSE, and other awareness 
campaigns (CANSA, 2014a). In Swaziland, the 
SBCN’s education programmes aim to increase 
awareness of aspects of breast cancer, including 
the promotion of BSE, medical examinations, 
and the importance of early diagnosis and treat-
ment (Swaziland Breast Cancer Network, 2008).

(d) West Africa

West Africa comprises the countries of Benin, 
Burkina Faso, The Gambia, Ghana, Guinea, 
Guinea-Bissau, Liberia, Mali, Niger, Nigeria, 
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Senegal, Sierra Leone, and Togo. In many of 
these countries, life expectancy is low and there 
is a high burden of infectious diseases. In this 
region, breast cancer patients are predominantly 
premenopausal, present at late stages, and have 
poor prognosis (Sighoko et al., 2013).

(i) Systems, policies, and guidelines
Data on breast screening policies and practices 

in this region are either sparse or non-existent. 
No data were found for Benin, Burkina Faso, The 
Gambia, Guinea, Guinea-Bissau, Liberia, Niger, 
or Togo. Limited data are available from other 
West African countries. There are no national 
programmes for breast screening in Ghana, Mali, 
Nigeria, or Senegal. The Ministry of Health of 
Sierra Leone is attempting to implement a variety 
of interventions, including a free health-care 
initiative, but it has no specific policy or plan for 
the prevention or control of breast cancer (WHO 
African Health Observatory, 2014).

(ii) Participation
A small cross-sectional study in Ghana 

reported that breast screening practices were 
poor; self-reported rates were 32% for BSE, 
12% for CBE, and 2% for mammography, and 
a higher education level was strongly associated 
with screening behaviours (Opoku et al., 2012). 
A study of 66 breast cancer patients found that 
whereas 14 (21.2%) of the breast cancers were 
discovered through breast education and CBE as 
offered through outreach programmes, women 
commonly waited between 6 weeks and 2 years 
before seeking formal diagnosis and treatment 
(Clegg-Lamptey et al., 2009).

In Nigeria, the Lagos State Ministry of 
Health reported that there are only four func-
tional mammography units in Lagos, that use of 
mammography is rare, and that most women are 
unaware of its use as a screening tool (Lagos State 
Ministry of Health, 2014).

In a cross-sectional study in Senegal in 
2006, 300 patients attending five hospitals in 

Dakar for a medical or surgical consultation 
were interviewed about knowledge and practice 
of BSE. Study participants were young (average 
age, 34 years), uneducated, and living in poverty. 
Of the participants, 43% were aware of BSE and 
29% regularly practised BSE. Practice of BSE 
was associated with income and education level 
(Gueye et al., 2009).

In Sierra Leone, a study of 3645 women iden-
tified minimal education, poverty, and reliance 
on traditional healers as barriers to medical care 
for women with breast masses (Ntirenganya et 
al., 2014).

(iii) Information and breast cancer awareness
In the absence of formal guidelines in West 

African countries, several awareness and educa-
tion campaigns have been initiated. In Ghana, 
a cross-sectional survey assessed the impact 
of education programmes on knowledge and 
attitudes about breast cancer and breast cancer 
prevention as well as practices among women in 
rural communities and found that knowledge 
about breast cancer symptoms had improved and 
that the number of women who reported begin-
ning BSE had increased (Mena et al., 2014).

Multiple studies of awareness, attitude, 
and practice of breast examination in women 
in Nigeria have shown a low knowledge and 
practice of BSE and CBE. The Breast Cancer 
Awareness and Free Screening programme, 
launched in Nigeria in 2006 in collaboration 
with the Ministry of Women Affairs and Poverty 
Alleviation, educates women about BSE and 
provides free counselling and referral services 
(Lagos State Ministry of Health, 2011). At commu-
nity events, women were shown videos about 
how to perform BSE and received counselling 
and referral, where applicable. Those diagnosed 
through the programme were treated for free. 
A study in Nigeria identified several economic 
and cultural barriers to implementing education 
about basic screening programmes, including 
a lack of both specialized health personnel and 
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breast cancer screening facilities, the absence 
of biomedical terminology in local languages, 
gender inequality, and the prevailing influence 
of traditional health practitioners (Asobayire & 
Barley, 2014).

In Sierra Leone, some efforts have been made 
to provide education to women about breast 
cancer and the importance of breast health 
(Shepherd & McInerney, 2006).

3.2.5 Central and West Asia and North Africa

The region of Central and West Asia includes 
Afghanistan, Armenia, Azerbaijan, Bahrain, 
Cyprus, Georgia, Iraq, Israel, the Islamic 
Republic of Iran, Jordan, Kazakhstan, Kuwait, 
Kyrgyzstan, Lebanon, Oman, Qatar, Saudi 
Arabia, the Syrian Arab Republic, Tajikistan, 
Turkey, Turkmenistan, the United Arab 
Emirates, Uzbekistan, the West Bank and Gaza 
Strip, and Yemen. North Africa includes the 
Maghreb countries (Algeria, Libya, Mauritania, 
Morocco, and Tunisia), Egypt, and Sudan.

These countries are heterogeneous in terms 
of access to screening. While high-income coun-
tries such as Israel, Kuwait, and Qatar have 
well-developed health services, most countries 
in this area are classified as low- and middle-in-
come countries, with limited resources allocated 
to health care. Large population-based screening 
programmes do not exist in the majority of these 
countries, and screening is primarily opportun-
istic. Some countries, such as Egypt and Turkey, 
have active and ongoing efforts to implement 
population-based screening via a series of pilot 
projects. Breast screening costs are covered in 
countries in a variety of ways, including through 
government funding, through partnerships with 
NGOs, or via patients’ out-of-pocket expendi-
ture. Available data on screening policies and 
practice are summarized in Table 3.6.

(a) Armenia, Kazakhstan, Kyrgyzstan, and 
Turkey

(i) Systems, policies, and guidelines
In Armenia, the ability of the health-care 

system to detect and treat breast cancer has 
been augmented through the efforts of NGOs 
and private organizations, most importantly 
the Armenian American Wellness Center in 
Yerevan, which provides mammography and 
free teaching of BSE (AAWC, 2014). There are 
no formal government guidelines, but aware-
ness campaigns from the Armenian American 
Wellness Center stress the importance of annual 
mammograms and monthly BSE.

In Kazakhstan, recommendations for breast 
screening are biennial mammography for women 
aged 50–60 years (Beysebayev et al., 2015). The 
NGO Together Against Cancer with the support 
of UICC launched the National Breast Cancer 
Awareness programme in 2008, based on mobile 
units screening women in an opportunistic 
fashion using diagnostic ultrasonography, and 
at the same time instructing women about how 
to perform BSE (CIS Anti-Cancer Association, 
2013a).

In Kyrgyzstan, an NGO-led programme 
for prevention and early diagnosis of breast 
cancer was developed in 2006 (CIS Anti-Cancer 
Association, 2013b). It is unclear whether active 
opportunistic screening has been implemented.

Turkey has had a national breast screening 
programme since 2008 and has the most estab-
lished screening services of these countries. Since 
2012, the recommendations of the Ministry 
of Health’s Cancer Control Department are 
annual mammography for women aged 40 years 
and older and CBE for women participating in 
the screening (Republic of Turkey, Ministry of 
Health, Department of Cancer Control, 2009; 
Kayhan et al., 2014). By 2012, 125 Cancer Early 
Diagnosis, Screening, and Training Centers 
(KETEM) had been established in 81 provinces in 
Turkey, with the aim of establishing 280 centres 
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Table 3.6 Policies and practice for breast cancer screening in Central/West Asia and North Africa

Country National recommendation or guideline Mammography 
units per million 
women aged 50–
69 years in 2013a

Support organization References

Screening 
practice

Target age 
(years)

Interval 
(years)

Armenia BSE All women Monthly NGO: Armenian 
American Wellness 
Center

AAWC (2014)
Mammography Not stated 1 22.5

Bahrain BSE 30–64 Not stated Bahrain Ministry of 
Health

Bahrain Cancer 
Society (2012)CBE 30–64 Not stated

Mammography ≥ 40 2 Not stated
Egypt BSE ≥ 20 Monthly Egypt Ministry of 

Health
Women’s Health 
Outreach 
Program (2014)

Mammography ≥ 45 1 Not stated

Israel Mammography 50–74 2 112.3 Israel Ministry of 
Health

Israel Cancer 
Association 
(2014)

≥ 40, familial 
risk

1

MRI ≥ 40, BRCA1/2 1
Jordan BSE All women Monthly Jordan Ministry of 

Health
JBCP (2014a)

CBE 20–39 1–3
≥ 40 1

Mammography 40–49 2 129.1
≥ 50 1

Kazakhstan Mammography 50–60 2 22.1 NGO: Together 
Against Cancer

Beysebayev et al. 
(2015)

Kuwait CBE ≥ 40 Not stated Kuwait Ministry of 
Health

Kuwait Ministry 
of Health (2014)Mammography ≥ 40 Not stated Not stated

Lebanon BSE ≥ 20 Monthly Lebanese Breast 
Cancer National Task 
Force/Ministry of 
Health

Adib et al. 
(2009)CBE 20–40 

≥ 40
3 
1

Mammography ≥ 40 1 370.2
Morocco CBE 45–69 1–2 18.5 Moroccan Ministry of 

Health
Lalla Salma 
Foundation 
(2014)

Oman BSE All women Monthly NGO: Oman Cancer 
Association

Oman Cancer 
Association 
(2015)

Mammography ≥ 40 1–2 149.8

Qatar BSE ≥ 20 Monthly Qatar Supreme 
Council of Health

College of the 
North Atlantic 
Qatar (2012)

CBE ≥ 35 1
Mammography 40–69 1 225.1

Tunisia CBE 40–69 1 Tunisian Ministry of 
Health

ATREP (2014)
Mammography “High-risk” 

women
Not stated 22.6

Turkey CBE ≥ 40 1 Turkish Ministry of 
Health

Kayhan et al. 
(2014)Mammography ≥ 40 1 230.4

United 
Arab 
Emirates

BSE All women Monthly United Arab Emirates 
Ministry of Health

HAAD (2013)
CBE ≥ 40 1
Mammography ≥ 40 2 Not stated

a WHO (2014).
BSE, breast self-examination; CBE, clinical breast examination; MRI, magnetic resonance imaging; NGO, nongovernmental organization.
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by 2015 (Republic of Turkey, Ministry of Health, 
Department of Cancer Control, 2009; Güllüoğlu 
et al., 2012). Multiple pilot screening programmes 
have been carried out, including a 10-year popu-
lation-based screening programme for women 
aged 40–69 years living in a large urban region 
of Istanbul with a well-organized address-based 
population registration system (Kayhan et al., 
2014). In addition to these publicly administered 
screening projects, some municipalities and 
NGOs also organize screening programmes on 
their own initiative. All of these screenings are 
provided free of charge (Holland et al., 2006).

(ii) Participation
In Armenia, a cross-sectional study found 

that the proportion of women who practised 
BSE was 20% and that the proportion of women 
who had had at least one mammogram was 6% 
(Harutyunyan, 1999).

Since 2008, mobile ultrasonography 
units have screened about 78  000 women in 
Kazakhstan (CIS Anti-Cancer Association, 
2013a). A study of knowledge, attitudes, and 
practices of women for breast screening found 
that the majority of the women sampled (82.6%) 
performed BSE, an average of 9.5 times per year; 
about two thirds of the women (62.9%) had 
had CBE performed by a physician, and only 
12.4% indicated that they had previously had a 
mammogram (Chukmaitov et al., 2008).

(iii) Information and breast cancer awareness
The majority of education and awareness 

campaigns in this region are carried out by 
NGOs.

(b) Arab countries in West Asia

As in other countries with previously low 
incidence rates of breast cancer, in this region 
breast cancer incidence and mortality rates are 
rapidly increasing. Breast cancer in Arab women 
is often diagnosed at a younger age and at a more 
advanced stage compared with other populations 

(Ezzat et al., 1999; El Saghir et al., 2002, 2006; 
Salhia et al., 2011). In response, several countries 
in the region have developed recommendations 
for breast cancer screening.

(i) Systems, policies, and guidelines
The World Health Organization (WHO) 

Regional Office for the Eastern Mediterranean 
published guidelines on breast cancer screening 
in 2006, and, in line with the Breast Health 
Global Initiative guidelines, suggested that 
screening could be implemented in centralized 
cancer facilities where breast cancer treatment 
is available (Khatib & Modjtabai, 2006). These 
programmes would provide screening to only a 
limited proportion of the population, but they 
could act as pilot programmes, with the ulti-
mate aim of expanding them to cover the entire 
population as more resources become available. 
Recommendations for screening frequency vary 
considerably in this region.

In Bahrain, breast cancer screening began in 
December 1992 for women aged 30‒64 years and 
included education activities about CBE and BSE 
(Hamadeh et al., 2014). Mammography screening 
was performed only for suspected breast cancer 
cases and high-risk women after referral. Since 
2005, biennial mammography screening is 
recommended for women aged 40  years and 
older, and it is provided free of charge (Bahrain 
Cancer Society, 2012).

The Jordan Breast Cancer Program was 
established in 2007 (JBCP, 2008) and recom-
mends monthly BSE for all women, CBE once 
every 1–3 years for women aged 20–39 years and 
annually thereafter, and mammography once 
every 2 years for women aged 40–49 years and 
annually for women aged 50  years and older 
(JBCP, 2014a). In 2010, a programme of free 
mammography and CBE was implemented, 
which is expected to increase participation rates 
(JBCP, 2010).

The Kuwait National Mammography 
Screening Program was launched in 2014; it is 
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designed to provide mammography and CBE to 
women aged 40 years and older in several govern-
mental clinics (Kuwait Ministry of Health, 2014). 
It does not recommend BSE but does promote 
breast cancer awareness.

The Lebanese Ministry of Public Health 
and the Lebanese Breast Cancer National Task 
Force recommend monthly BSE starting at age 
20 years and CBE every 3 years for women aged 
20–40 years; for women aged 40 years and older, 
annual mammography and CBE are recom-
mended (Adib et al., 2009).

In Oman, mammography screening is 
conducted at government hospitals free of charge. 
The Oman Cancer Association recommends 
annual or biennial mammography screening for 
women aged 40  years and older, and monthly 
BSE (Oman Cancer Association, 2015).

The State of Palestine Ministry of Health 
has no formal guidelines or policies for breast 
screening but emphasizes the importance of 
regular breast screening (State of Palestine 
Ministry of Health, 2014). A variety of health 
centres provide opportunistic screening and 
diagnostic mammography, but many territories 
have no screening centres (Khaleel Abu Shmais, 
2010). There are four mammography facilities in 
the entire West Bank and Gaza Strip, and whereas 
screening is free for insured women, uninsured 
women are required to pay a fee (Azaiza et al., 
2010).

Qatar released a National Cancer Strategy in 
2011 (Supreme Council of Health of Qatar, 2014) 
and later developed a National Cancer Control 
Program (National Cancer Program Qatar, 
2014). It recommends monthly BSE starting 
at age 20  years, annual CBE for women aged 
35 years and older, and annual mammography 
for women aged 40–69  years, unless otherwise 
advised by a physician (College of the North 
Atlantic Qatar, 2012).

Although regional screening initiatives exist 
in Saudi Arabia, there are no national guidelines, 

and data from these initiatives are not available 
(Abulkhair et al., 2010).

The United Arab Emirates implemented 
a National Breast Screening Program in 1995 
and recommends a combination of monthly 
BSE, annual CBE, and mammography every 
2 years aged 40 years and older (HAAD, 2013). 
Screening services are provided free of charge 
and are widely available but are opportunistic in 
nature (Elobaid et al., 2014).

In Yemen, mammography screening has 
been in place since the 1990s, but there are no 
policies or recommendations for breast cancer 
screening, and few data are available on breast 
screening practices in the country.

(ii) Participation
Despite awareness campaigns and efforts 

to reduce costs and improve accessibility of 
screening mammography, participation tends 
to be low among women in this region. Data on 
participation in screening programmes are taken 
primarily from the peer-reviewed literature and 
are usually from cross-sectional studies. Studies 
report low participation rates in breast screening 
programmes and low awareness of BSE (Bener 
et al., 2002; Azaiza & Cohen, 2006; Dündar et 
al., 2006; Soskolne et al., 2007; Taha et al., 2010; 
Donnelly et al., 2013a, b; Elobaid et al., 2014). 
Screening programmes are opportunistic and 
are relatively new to the region, and there are 
no centrally organized invitation or follow-up 
systems (Donnelly et al., 2013a). 

In 2008‒2010, only 12.7% of breast cancers 
in Bahrain were screen-detected, and primary 
health-care centres in Bahrain reported CBE 
coverage rates of 6.6%, 7.1%, and 6.9% in women 
aged 30 years and older (Hamadeh et al., 2014).

A study of female schoolteachers in Kuwait 
found that 81.9% had never had CBE performed 
by a health professional and 85.7% did not 
know what mammography was (Alharbi et al., 
2012). A study of 510 women attending a public 
health clinic found that only 21% of the women 
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practised BSE regularly, and these women had 
a sufficient level of knowledge about BSE, CBE, 
and mammography (Al-Azmy et al., 2013).

In Lebanon, a 3-month national mammog-
raphy campaign in 2009, targeted at women older 
than 40 years, implemented free mammography 
screening subsidized by the Ministry of Public 
Health in participating public radiology centres, 
and mammography screening at a reduced cost 
in private centres. The campaign successfully 
screened 10  953 women; 68.2% of the women 
who participated did so for the first time, and 
97.8% of the women indicated their willingness 
to undergo the examination again the following 
year (Kobeissi et al., 2012).

A study of 397 women aged 30–65  years 
residing in the West Bank and Gaza Strip 
reported that more than 70% of the women 
had never had a mammogram or CBE and that 
62% of the women performed BSE (Azaiza et 
al., 2010). A 2011 study of 100 women living in 
Gaza reported that only 27% of the women were 
willing to undergo screening mammography; 
the barriers identified included limited financial 
resources, lack of resources to treat breast cancer 
if diagnosed, lack of access to screening facilities, 
and concern about personal safety while travel-
ling to medical centres (Shaheen et al., 2011).

A 2009 study of 1200 Qatari women aged 
30–55  years reported that despite an adequate 
knowledge of breast cancer, only 24.9% had 
performed BSE, 23.3% had undergone CBE, and 
22.5% had had a mammogram (Bener et al., 
2009).

In 2011, a study of 719 Saudi Arabian women 
reported that 23.1% of the women practised BSE, 
14.2% had undergone CBE, and 8.1% had had a 
mammogram (Ravichandran et al., 2011).

In the United Arab Emirates, a cross-sec-
tional study of 247 women in 2013 found rates of 
48.6% for self-reported BSE, 49.4% for CBE, and 
44.9% for mammography (Elobaid et al., 2014). 
These rates represent an improvement on those 
reported in an earlier study, in 2001, when 12.7% 

of the study population practised BSE, 13.8% had 
undergone CBE, and 10.3% had had a mammo-
gram (Bener et al., 2001).

A study of 425 female Yemeni university 
students found that although 76.9% of the partic-
ipants had heard about BSE, only 17.4% had 
performed it, and 55.9% cited a lack of knowl-
edge about BSE technique as a barrier (Ahmed, 
2010). A cross-sectional study of 105 female 
Yemeni doctors about attitudes and practice of 
mammography screening found that only 24.7% 
sent patients for mammography screening every 
year regardless of the patients’ history or symp-
toms (Al-Naggar et al., 2009).

(iii) Information and breast cancer awareness
Several cross-sectional studies across the 

region reported lack of knowledge of BSE and 
CBE, a mainstay of screening programmes in 
many low-resource settings.

A variety of NGOs and government bodies 
in this region run awareness campaigns empha-
sizing the importance of regular breast screening, 
disseminate information about the availability of 
mammography screening where these facilities 
exist, and promote awareness of breast health 
(Adib et al., 2009; Kobeissi et al., 2012; JBCP, 
2014b; State of Palestine Ministry of Health, 
2014).

(c) Islamic Republic of Iran and Israel

(i) Systems, policies, and guidelines
In the Islamic Republic of Iran, there is no 

formal breast screening programme, and no 
national guidelines exist; efforts for breast cancer 
prevention have focused on educating women, 
teaching BSE, and encouraging opportunistic 
screening. The most widely available forms of 
breast screening in the Islamic Republic of Iran 
are CBE and BSE (Babu et al., 2011).

In Israel, the National Mammography 
Screening Program was implemented in the 
early 1990s. Current screening policy recom-
mendations include biennial mammography for 
women aged 50–74 years, annual mammography 
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for women at increased familial risk aged 
40 years and older, and annual MRI for BRCA1/2 
mutation carriers aged 40 years and older (Israel 
Cancer Association, 2014).

(ii) Participation
A study of 318 Iranian health-care providers 

found that 48% of female providers had not carried 
out any method of breast cancer screening for 
themselves during the previous year, 81.5% did 
not perform CBE for the majority of their female 
patients, and only 5.1% recommended BSE to 
more than 70% of their female patients (Harirchi 
et al., 2009). The percentage of women who had 
ever had a mammogram ranged from 1.3% to 
28% (Donnelly et al., 2013a), and the percentage 
who performed BSE was estimated to be between 
3% and 17% (Babu et al., 2011; Donnelly et al., 
2013a). A variety of regional studies in the 
Islamic Republic of Iran found that knowledge of 
screening practices and rates of BSE were inad-
equate, including among health-care workers 
(Haji-Mahmoodi et al., 2002; Harirchi et al., 
2009; Yadollahie et al., 2011; Akhtari-Zavare et 
al., 2014; Tazhibi & Feizi, 2014).

Data from the Israel Cancer Association 
showed that in 2009, of 181  429 women aged 
50–74  years, 85.6% had ever been screened by 
mammography (Israel Cancer Association, 
2014). Screening rates for Israeli Jews and Arabs 
were broadly similar (Keinan-Boker et al., 2013; 
Israel Cancer Association, 2014). There were 
no significant differences in the percentages of 
women reporting having had a mammogram in 
the previous 2 years, which increased by 16% in 
Jewish women and by 17% in Arab women from 
2002 to 2008 (Keinan-Boker et al., 2013).

(iii) Information and breast cancer awareness
Few data are available on awareness cam -

paigns in this region.

(d) North Africa

The age-standardized incidence rate of breast 
cancer in North Africa is currently one quarter 
to one half that in Europe and the USA (Corbex 
et al., 2014), but it is expected to double in the 
next 15 years as exposure to risk factors increases 
(including those related to population ageing).

(i) Systems, policies, and guidelines
Cancer has become a national priority in 

Algeria, with the preparation of the 2015–2019 
National Cancer Plan (Hamdi Cherif et al., 
2014), but no data on breast screening policies 
or practices were found. Some opportunistic 
pilot projects are in place; for example, a mobile 
mammography unit was launched in 2013 
through a partnership between the Algerian 
government, mobile phone operator Mobilis, 
Roche, and the patient advocacy group El Amel 
(Hope) (Roche, 2014).

Similar to the situation in other coun-
tries in the area, women in Egypt present with 
advanced breast cancer (Omar et al., 2003; Salhia 
et al., 2011). The Egyptian national screening 
programme, the Women’s Health Outreach 
Programme, was launched in 2007; it recom-
mends monthly BSE starting at age 20  years 
and offers free annual breast screening for all 
Egyptian women aged 45 years and older (Salem 
et al., 2008; Women’s Health Outreach Program, 
2014). The programme consists of five phases, 
with a 1-year pilot phase (2007–2008) to identify 
barriers in implementation. Each implemen-
tation phase will address several governorates. 
The goal of the 5-year implementation plan is to 
provide coverage for the entire population.

There were no data in the literature about 
screening guidelines in Libya or about breast 
screening practices among Libyan women.

In Mauritania, a 2012 review of the health-
care service found that it was underfunded, 
underdeveloped, and disorganized. Cancer 
prevention campaigns or implementation of 
screening policies are absent, and they are 
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unlikely to be implemented in the near future 
(Global Centre for Renewal and Guidance, 2012).

Morocco set up a National Cancer Prevention 
and Control Plan in 2010, comprising a coordi-
nated breast cancer awareness campaign and a 
programme aimed at developing breast cancer 
screening in half a million women. Breast 
cancer screening with CBE is recommended for 
women aged 45–69 years, at least every 2 years 
(Lalla Salma Foundation, 2014). A new breast 
and uterine cancer screening and early detection 
centre was opened in 2013 in Mohammedia, 
which provides screening facilities for more than 
40  000 eligible women (Morocco World News, 
2013). Mobile mammography units travel to 
remote areas to provide opportunistic screening 
to those without access to centralized screening 
facilities. The National Cancer Prevention and 
Control Plan in Morocco has developed a three-
tiered system for increasing screening coverage: 
level 1, health-care clinics with general prac-
titioners and nurses who provide breast health 
education and CBE to women; level 2, specific 
reproductive health clinics, which receive refer-
rals from level 1 clinics and perform diagnostic 
ultrasonography and mammography; and level 
3, oncology centres (Lalla Salma Foundation, 
2014).

Sudan established its National Cancer 
Control Programme with CBE in 1982; the 
programme focuses on prevention, early detec-
tion and screening, diagnosis, and treatment 
(Hamad, 2006). However, a lack of resources 
has hampered implementation of breast cancer 
screening, and the majority of efforts have been 
focused on public awareness campaigns and 
education of medical professionals (Abuidris et 
al., 2013).

The Tunisian Ministry of Health has 
stated goals of focusing on prevention and 
early detection of cancer as part of the 2010–
2014 National Strategy of the Fight against 
Cancer, and currently recommends annual 
CBE for women aged 40–69  years, with 

mammography reserved for high-risk women 
and those referred after primary screening via 
CBE (ATREP, 2014). Tunisia has implemented 
several pilot programmes examining the effi-
cacy and feasibility of mammography screening 
in the general population. Based on the results 
of these programmes, the Tunisian government 
will consider moving towards population-based 
mammography screening.

(ii) Participation
In Egypt, mammography is delivered in an 

opportunistic fashion through mobile units 
equipped with digital mammography units 
(Women’s Health Outreach Program, 2014); 
as of 2013, 107  193 women had been screened 
(Philips Healthcare, 2014). Despite these mobile 
units, which increase the presence in rural areas 
and less affluent areas, barriers to accessing 
mammography still exist, and other methods of 
breast screening have been explored, including 
training women living in a slum in Cairo about 
breast health awareness and BSE (Kharboush et 
al., 2011). A randomized study, with women who 
received CBE versus a control arm of women who 
received only health education, demonstrated 
high acceptance, with 85–91% of the women 
in the target population enrolling in the study. 
Initial results demonstrated that stage distribu-
tion was significantly better in the intervention 
arm compared with the control arm (Miller, 
2008). A study in 2000 reported that of 565 newly 
diagnosed breast cancer patients, only 10.4% had 
practised BSE, and 2.7% reported performing 
BSE monthly (Abdel-Fattah et al., 2000).

In Morocco, a study of 136 female doctors 
and nurses found that 75% of study participants 
practised BSE monthly, but only 15% had ever 
had a mammogram (Ghanem et al., 2011).

In Tunisia, one of the first pilot studies, 
started in 2003, was large-scale population-based 
mammography screening in urban areas, 
but participation rates have tended to be low 
(Bouchlaka et al., 2009; Zaanouni et al., 2009). 
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The most recent study evaluated three rounds 
of mammography screening as part of a pilot 
programme, carried out in 2004–2010 in Sfax. 
Biennial screening was offered to women aged 
45 years and older, and 17.4% of the target popu-
lation underwent screening, resulting in 12 657 
mammograms (Frikha et al., 2013). A cross-sec-
tional study in Tunisia of 900 women reported 
poor knowledge of specific risk factors for breast 
cancer and of breast screening modalities; only 
14% of women performed any type of breast 
screening (El Mhamdi et al., 2013).

(iii) Information and breast cancer awareness
Awareness campaigns and training of health-

care workers are part of national screening 
programmes in these regions, including in 
Algeria (Roche, 2014), Morocco (Lalla Salma 
Foundation, 2014), and Tunisia (ATREP, 2014).

3.2.6 South-East Asia

During the past decade, the Republic of Korea, 
Singapore, and Taiwan, China, have started 
national organized screening programmes with 
mammography (Table 3.7). Although Japan was 
the first country to introduce a national screening 
programme with CBE, in 1987, and later also 
included mammography, organized screening 
remains insufficient in Japan. Eleven other coun-
tries in South-East Asia have partial programmes 
supported by governments or NGOs in local 
areas, and screening systems have not been 
standardized. All 15 countries in this region have 
breast cancer awareness programmes, which 
are often included in national programmes for 
cancer control and prevention of noncommuni-
cable diseases.

(a) Republic of Korea

(i) Systems, policies, and guidelines
The National Cancer Screening Program, 

launched in 1999, recommends mammography 
with and without CBE as the screening method 

(Kim et al., 2011). The target group for screening 
is women aged 40  years and older, with no 
upper age limit, and the screening interval is 
2  years. Although CBE is recommended when 
mammography screening is performed, the fee 
is not covered by the National Cancer Screening 
Program.

The national programme provides breast 
cancer screening with different fees; women are 
divided into three groups, based on their insur-
ance premium (Kim et al., 2011). The lowest-in-
come beneficiaries (those exempted from 
premium payment) are supported directly by the 
national government. For people whose insur-
ance premium is less than the 50th percentile, 
a free programme is provided by the National 
Health Insurance system (National Cancer 
Screening Program), supported also by national 
and local governments. People whose premium 
is more than the 50th percentile, although they 
are supported by the National Health Insurance 
Corporation cancer screening programme, are 
required to make a 10% co-payment.

Based on the Cancer Control Act of 2003, 
the Ministry of Health and Welfare organized 
the cancer screening programme systematically 
by cooperating with public institutions (Kim 
et al., 2011). The National Health Insurance 
Corporation selects the target population and 
sends invitation letters. Women can visit hospi-
tals or clinics that have been approved for cancer 
screening and then receive the screening results 
within 15 days. Women who have positive results 
on their primary screening undergo follow-up 
examinations, and the diagnostic evaluation 
is available with co-payment from their health 
insurance (Goto et al., 2015). However, co-pay-
ment for treatment is supported only when breast 
cancer is diagnosed by the National Cancer 
Screening Program.

The certification of screening providers and 
quality management are conducted mainly by 
the National Cancer Center (Goto et al., 2015). 
Private hospitals provide multiphasic health 
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Table 3.7 Policies and practice for breast cancer screening in South-East Asia

Country Type of 
programmea

Start year Screening 
practice

Target age 
(years)

Interval 
(years)

Examination 
coverageb (%)

Mammography units 
per million women 
aged 50–69 years in 
2013c

References

Bangladesh Partial 
programme

Unclear CBE 40–69 Unclear Unclear — Ministry of Health and 
Family Welfare, Bangladesh 
(2008)

Brunei 
Darussalam

Partial 
programme

Unclear Unclear Unclear Unclear Unclear 91.9 Ministry of Health, Brunei 
Darussalam (2007)

China Partial 
programme

Unclear Unclear Unclear Unclear 21.7d — Mo et al. (2013), Pan et al. 
(2013), Wang et al. (2013)

Hong Kong 
Special 
Administrative 
Region, China

Partial 
programme

Unclear Unclear Unclear Unclear Unclear — Lui et al. (2007), Centre for 
Health Protection (2012)

India Partial 
programme

Unclear Unclear Unclear Unclear Unclear — Ministry of Health and 
Family Welfare, Government 
of India (2005), Agarwal & 
Ramakant (2008), Reddy et 
al. (2012)

Indonesia Partial 
programme

2007 CBE Unclear Unclear Unclear — WHO (2008a)

Japan National 
programme

1987e Mammography 
+ CBE

≥ 40 2 18.3 227.3 Oshima (1994), Ministry of 
Health, Labour and Welfare, 
Japan (2013b), National 
Cancer Center, Japan 
(2013), Goto et al. (2015), 
Hamashima, 2016

Malaysia Partial 
programme

Unclear CBE Unclear Unclear 51.8 86.7 Ministry of Health Malaysia 
(2010), Dahlui et al. (2011)Mammography 7.6

Pakistan Partial 
programme

Unclear Unclear Unclear Unclear Unclear 1.6 WHO (2008b)

Philippines Partial 
programme

Unclear Unclear Unclear Unclear Unclear 13.1 National Statistics Office 
(2009)
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Country Type of 
programmea

Start year Screening 
practice

Target age 
(years)

Interval 
(years)

Examination 
coverageb (%)

Mammography units 
per million women 
aged 50–69 years in 
2013c

References

Republic of 
Korea

National 
organized 
programme

1999 Mammography 
± CBE

≥ 40 2 49.5 402.3 Kim et al. (2011), National 
Cancer Center of Korea 
(2013)

Singapore National 
organized 
programme

2002 Mammography 50–69 2 39.6f 127.6 Ministry of Health 
Singapore (2010, 2011)

Taiwan, China National 
organized 
programme

2004 Mammography 45–69 2 36.0 — Health Promotion 
Administration, Ministry of 
Health and Welfare (2014)

Thailand Partial 
programme

Unclear Unclear Unclear Unclear Unclear 27.9 National Cancer Control 
Programme, Thailand (2013)

Viet Nam Partial 
programme

2008 CBE Unclear Unclear 15–20 — Nguyen et al. (2013)

a  Partial programmes are supported by government and nongovernmental organizations and are conducted mainly in local areas, and screening systems have not been standardized.
b  Annual examinations as percentage of annual target population, with the screening method and within the age range reported in the policy.
c WHO (2014).
d  Coverage refers to any breast cancer examination in women older than 18 years.
e  Current policy started in 2005.
f  Coverage refers to the previous 2 years.
±, with or without; CBE, clinical breast examination.

Table 3.7   (continued)
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check-ups, including cancer screenings. Some 
private companies provide subsidies for these 
health check-ups.

(ii) Participation
The participation rate in breast cancer 

screening increased from 14.1% in 2002 to 
49.5% in 2011, and in 2012 the participation rate 
including opportunistic screening was 71.0% 
(National Cancer Center of Korea, 2013).

(iii) Information and breast cancer awareness
To increase participation in cancer screening, 

awareness campaigns have been actively 
promoted in the media by the National Health 
Insurance Corporation. BSE is well known 
among Korean women through television, radio, 
and newspapers (Yoo et al., 2012). Community-
based intervention also seems to be effective 
in increasing participation in mammography 
screening (Park et al., 2011).

(b) Singapore

(i) Systems, policies, and guidelines
BreastScreen Singapore was adopted as a 

national screening programme in 2002, and 
the Ministry of Health Singapore revised the 
guidelines in 2010. The ministry recommended 
stand-alone mammography every 2  years for 
asymptomatic women at average risk aged 
50–69 years (Ministry of Health Singapore, 2010). 
Women at average risk aged 40–49 years are given 
information describing the benefits and harms 
of mammography screening, and can therefore 
make an informed choice. Ultrasonography and 
CBE are not included in the programme.

BreastScreen Singapore provides subsidized 
mammograms at many government centres (Teo 
& Soo, 2013). Service partnerships were estab-
lished with health service providers of two public 
health clusters and a private service provider 
(Yeoh et al., 2006). They have cooperated to select 
and assess mammography screening centres. 
After the first screening, all women in the target 

population are sent reminders for the subse-
quent screening at the appropriate interval for 
their age group. Multidisciplinary assessment is 
performed and completed until a final diagnosis 
is obtained (Yeoh et al., 2006). Women who have 
a diagnosis of breast cancer are given the choice 
of either seeing a breast surgeon at any centre in 
Singapore or remaining at the assessment centre 
hospital for further treatment.

To ensure that patients undergo high-quality 
screening, health-care providers must adhere 
to a common quality assurance framework for 
the screenings (Yeoh et al., 2006). Standards 
and target requirements for screening, reading, 
and assessment centres were established, and 
audit teams including trained multidisciplinary 
clinical professionals carry out audit visits every 
2 years (Yeoh et al., 2006). Every set of films is 
interpreted by two radiologists; their perfor-
mance is monitored, and feedback is given to 
individuals and to the centre to facilitate the 
taking of appropriate action. Although private 
clinics provide mammography screening to 
women individually, the women are charged fees 
(Yeoh et al., 2006).

(ii) Participation
In 2010, about 66% of Singaporean women 

aged 50–69 years had undergone mammography 
at least once, and 39.6% of Singaporean women 
aged 50–69 years had undergone mammography 
within the previous 2 years (Ministry of Health 
Singapore, 2011).

(iii) Information and breast cancer awareness
In 2010, 90.9% of Singaporean women aged 

50–69 years were aware of mammography as a 
screening method for breast cancer (Ministry 
of Health Singapore, 2011). Women with higher 
education levels tended to be more aware of 
mammography compared with women with 
lower education levels.
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(c) Taiwan, China

(i) Systems, policies, and guidelines
In accordance with the Cancer Prevention 

Act of 2003, national screening for breast 
cancer was started in 2004 (Health Promotion 
Administration, Ministry of Health and Welfare, 
2014). The Taiwan, China, government currently 
offers free mammography screening every 2 years 
for women aged 45–69  years. For women aged 
40–44 years, mammography screening is limited 
to those with a second-degree relative with breast 
cancer. Women in the target population can be 
examined at community health centres, clinics, 
or hospitals. To further improve accessibility of 
breast cancer screening services, the national 
government subsidized provinces and cities 
to provide mobile mammography services or 
mammography equipment.

The health insurance covers the screening 
fee and the cost of further examinations. To 
increase cancer screening coverage, the national 
government has provided special funding for 
cancer prevention and control after raising the 
tobacco tax (Health Promotion Administration, 
Ministry of Health and Welfare, 2014).

Hospitals in Taiwan, China, are required to 
establish an outpatient screening reminder 
system and a referral system for positive test 
results. The national government has also 
commissioned the Radiography Society to 
certify medical institutions for mammography 
based on requirements (Health Promotion 
Administration, Ministry of Health and Welfare, 
2014). The degree of appropriateness of mammog-
raphy equipment, including radiation exposure 
levels, showed a significant improvement after 
the enforcement of quality assurance (Hwang 
et al., 2013). In further efforts to improve the 
quality of cancer screening, the national govern-
ment launched a project to build a nationwide 
database for quality assurance. The database is 
interconnected with all screening-related data-
bases (the Taiwan Cancer Registry, the Taiwan 

Mortality Registry, and the Taiwan Household 
Registration).

(ii) Participation
In 2013, mammography was conducted in 

694 000 women aged 45–69 years. The coverage 
rate over the past 2  years was 36% (Health 
Promotion Administration, Ministry of Health 
and Welfare, 2014).

(iii) Information and breast cancer awareness
The national government supported local 

health departments to conduct community 
screenings, introduced on-site education 
programmes, and followed the WHO Health 
Promoting Hospitals model in assisting local 
hospitals to promote cancer screening (Health 
Promotion Administration, Ministry of Health 
and Welfare, 2014).

(d) Japan

(i) Systems, policies, and guidelines
In 1987, national cancer screening using 

annual CBE was introduced in Japan for women 
aged 30  years and older (Oshima, 1994). In 
2000, mammography screening was added for 
women aged 50 years and older, and in 2005 the 
protocol was changed to biennial mammography 
screening with CBE for women aged 40  years 
and older, with no upper age limit. In 2013, the 
National Cancer Center published new guide-
lines for organized and opportunistic breast 
cancer screening, in which mammography with 
or without CBE was recommended (National 
Cancer Center, Japan, 2013). [Note post-meeting: 
the guidelines have been further updated 
(Hamashima, 2016).] Use of ultrasonography as 
a screening tool is currently under investigation 
(Ishida et al., 2014).

There are two types of opportunistic screening 
in Japan; one is individual-based screening, and 
the other is provided as a premium by large 
health insurance associations or large compa-
nies at workplaces, but there is no obligatory 

http://www.ncbi.nlm.nih.gov/pubmed/24324920
http://www.ncbi.nlm.nih.gov/pubmed/24324920
http://bvs.minsa.gob.pe/local/minsa/1786.pdf
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monitoring or quality assurance for these types 
of screening (Goto et al., 2015).

Local governments are responsible for 
cancer screening and make decisions about 
the screening method, screening fee, provi-
sion of primary screening, quality assurance 
for primary screening, and monitoring; most 
of these local governments do not have a call–
recall system (Goto et al., 2015). The national 
government provides some funding, although 
non-specific, for cancer screening, and the local 
governments pay the remaining portion of the 
cancer screening fees. The women’s fees for the 
screening examination and management differ 
among municipalities (about US$  5–20); 8.5% 
of municipalities provide free screening as part 
of mass screening programmes (Ministry of 
Health, Labour and Welfare, Japan, 2013a).

Local governments do not support follow-up 
examinations for women with positive results at 
the primary screening; therefore, the participa-
tion rate at follow-up examinations has remained 
at approximately 80% (Ministry of Health, 
Labour and Welfare, Japan, 2013b). Diagnosis 
and treatment are covered by health insurance, 
and the co-payment is usually 30%. Women can 
access any clinic or hospital, including univer-
sity hospitals, without a referral from a general 
physician.

Although there is an insufficient quality assur-
ance system for breast cancer screening in Japan, 
technical support for mammography has been 
actively promoted by the Central Committee on 
Quality Control of Mammographic Screening 
(Japan Central Organization on Quality 
Assurance of Breast Cancer Screening, 2014). 
The committee has approved technical skills for 
mammography screening for physicians. Several 
public information programmes, including for 
the management of mammography equipment, 
have been made available through the commit-
tee’s website.

(ii) Participation
Although participation rates have increased 

since 2009, they have remained at approxi-
mately 20%. In 2011, 2  511  299 women partic-
ipated in breast cancer screening, at a rate of 
18.3% (Ministry of Health, Labour and Welfare, 
Japan, 2013b). When opportunistic screening is 
included, the participation rate is 43.4% (National 
Cancer Center, Japan, 2014).

(iii) Information and breast cancer awareness
To improve screening rates, the Japanese 

government implemented an intervention 
aimed at reducing out-of-pocket costs, and 
offered vouchers for free screening accompa-
nied by information leaflets to women in specific 
age groups to undergo breast cancer screening 
nationwide (Tabuchi et al., 2013). The vouchers 
increased the participation rate and decreased 
inequalities in screening (Sano et al., 2014).

(e) Other countries in South-East Asia

(i) Bangladesh
The National Cancer Control Strategy and 

Plan of Action 2009–2015 in Bangladesh has 
promoted breast awareness among all women 
and CBE for women aged 40–69 years (Ministry 
of Health and Family Welfare, Bangladesh, 
2008). However, because resources are extremely 
limited, the most cost-effective strategy for 
screening needed to be sought (Hussain & 
Sullivan, 2013). General health education in 
the country is poor; only few people are aware 
of cancer, and most patients are diagnosed at an 
advanced stage (Hossain et al., 2014). Studies have 
suggested that women have insufficient knowl-
edge of breast cancer (Chowdhury & Sultana, 
2011), but women with higher education levels 
were more likely to know about BSE (Rasu et al., 
2011).
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(ii) Brunei Darussalam
In 2007, the Ministry of Health developed 

the Integrated Health Screening and Health 
Promotion Programme, which includes screening 
for colorectal, cervical, and breast cancer for all 
people in Brunei Darussalam, i.e. approximately 
46  000 people in 2009 (Ministry of Health, 
Brunei Darussalam, 2007). The programme 
includes mammography for women at a certain 
age; the national government has made efforts to 
collaborate with volunteer associations and has 
promoted breast cancer awareness.

(iii) China
China does not currently have a national 

screening programme or national screening 
guidelines (Wang et al., 2013). Although screening 
programmes exist in local areas, the screening 
method used and the target population are not 
standardized (Mo et al., 2013; Pan et al., 2013; 
Wang et al., 2013). Based on the China Chronic 
Disease and Risk Factor Surveillance System, in 
2010, 21.7% of women aged 18 years and older had 
ever had any breast cancer examination (Wang et 
al., 2013). The participation rate for breast cancer 
screening was higher in the eastern region of 
China than in the western region, and was higher 
in women with higher education levels. The 
highest participation rate was observed among 
women aged 30–49 years, and the participation 
rate decreased with increasing age. To increase 
the participation rate, free breast cancer exam-
ination programmes have been offered by local 
governments in some rural districts (Wang 
et al., 2013). These programmes cover CBE, 
mammography, and ultrasonography. Between 
2009 and 2011, such programmes facilitated the 
screening of 1.46 million women living in rural 
areas. Overall, awareness of breast cancer is low, 
but differences exist by location, age group, and 
education level (Huang et al., 2011, Liu et al., 
2014). The national government has promoted 
the China National Plan for Noncommunicable 
and Chronic Diseases Prevention and Treatment, 

2012–2015 (Chinese Center for Disease Control 
and Prevention, 2012).

(iv) Hong Kong Special Administrative Region, 
China

In 2012, the Cancer Expert Working Group 
on Prevention and Screening revised the guide-
lines for breast cancer screening that had been 
developed in 2002 and 2008 (Centre for Health 
Protection, 2012). BSE, CBE, and mammography 
were not recommended in women at average 
risk, but women were advised to be aware of 
early symptoms of breast cancer and to consult 
a doctor if these occur. Opportunistic screening 
(CBE, mammography, and ultrasonography) is 
available in private hospitals (Lui et al., 2007). 
A community-based outreach programme 
has increased knowledge of breast cancer and 
screening (Chan et al., 2007). Although most 
women were aware of the benefits of mammog-
raphy, they were reluctant to participate in 
mammography screening and CBE because of 
screening fees and lack of time (Chua et al., 2005).

(v) India
The National Cancer Control Programme 

was started in 1975 and revised in 1984–1985. 
Although the programme promotes education 
for primary prevention and early detection, it is 
not specific for breast cancer (Ministry of Health 
and Family Welfare, Government of India, 2005). 
Breast cancer screening by CBE or mammog-
raphy is available only within research studies 
conducted at a few institutions or to women 
who refer themselves to specialty hospitals to 
have the screening provided for a fee (Agarwal 
& Ramakant 2008; Reddy et al., 2012). A recent 
study assessed cancer awareness among women 
of low socioeconomic status in Mumbai. Among 
182 participants, of which the majority (90.5%) 
were from lower socioeconomic groups, knowl-
edge about cancer was good (84.6%) compared 
with knowledge about cancer screening (35.1%); 
awareness was higher among the richer and 
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more educated women. Major sources of infor-
mation were friends or relatives (46.1%) and the 
media (35.2%). Only 6.6% of the participants had 
undergone screening (Kumar et al., 2011). Among 
the 52 011 women in the intervention group of 
a breast cancer screening trial in Trivandrum 
District, 23.2% reported practicing BSE, 96.8% 
had attended CBE, and 49.1% of 2880 screen-pos-
itive women attended referral. Women who were 
not currently married or who had no family 
history of cancer were significantly less likely to 
attend the screening process at any level (Grosse 
Frie et al., 2013).

(vi) Indonesia
Since 1996, 8 out of 33 provinces in Indonesia 

have adopted the Integrated Comprehensive 
Cancer Control Programme and have imple-
mented the Population-Based Cancer Control 
(PBCC) Program (WHO, 2008a). The PBCC 
Program aims to improve people’s knowledge 
through education, focusing mainly on preven-
tion, early detection of the most common 
cancers, and home-based palliative care. The 
PBCC Program is well established in several 
provinces, and all of the established programmes 
have a network to monitor their training activ-
ities. These activities are carried out by primary 
care providers and supported by the PBCC 
Program team. More than 74  million people 
are being served by the PBCC Program, and 
cancer awareness has increased significantly. 
The Ministry of Health established the National 
Comprehensive Cancer Plan in 2005, and in 
2007 provided services for the early detection 
of breast cancer in six districts as pilot projects 
(WHO, 2008a). A preliminary result of the breast 
cancer screening with CBE was reported from 
the project conducted in Jakarta (Kardinah et 
al., 2014).

(vii) Malaysia
In 2010, the Ministry of Health revised the 

clinical practice guidelines for the manage-
ment of breast cancer, including screening for 
the general population (Ministry of Health 
Malaysia, 2010). For women aged 50–74  years, 
biennial mammography screening was recom-
mended. Routine mammography screening was 
not recommended for women aged 40–49 years, 
but it could be provided upon request. BSE was 
recommended for raising awareness but not as 
a screening method. The Ministry of Health 
has been promoting BSE and CBE by trained 
health workers as part of a breast care awareness 
campaign since 1995 (Dahlui et al., 2011). CBE 
by a trained health-care professional has been 
offered to Malaysian women aged 20–65  years 
attending primary health-care services since 
2009 (Bhoo-Pathy et al., 2014). At the same time, 
women are taught the BSE technique. Since 2012, 
a targeted mammography screening programme 
has been made available for women at high risk 
of breast cancer, namely those with a family 
history of breast cancer or with breast abnor-
malities (Bhoo-Pathy et al., 2014). According to 
the Third National Health Morbidity Survey, in 
2006 the breast examination rates were 57.1% for 
BSE, 51.8% for CBE, and 7.6% for mammography 
(Dahlui et al., 2011). Knowledge of breast cancer 
and screening is reported to be low in Malaysia 
(Parsa et al., 2008; Hadi et al., 2010).

(viii) Pakistan
The Lady Health Worker Programme, a 

unique system in Pakistan, was developed by the 
national government in 1994 to provide essen-
tial primary health services (WHO, 2008b). 
The programme selected, trained, and deployed 
100  000 female community health workers 
throughout the country by 2005. Through 
monthly visits to the female community in their 
assigned areas, the Lady Health Workers teach 
BSE and highlight the importance of breast 
cancer screening (Baig & Ali, 2006). In urban 
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areas, knowledge of breast cancer has spread 
among educated women who are employed by 
large companies, and 55% of these women had 
the experience of learning BSE (Banning & 
Hafeez, 2009).

(ix) Philippines
Although more than half of the female 

population does not have any health insurance, 
women in the Philippines undergo breast cancer 
screening even if it is at their own expense 
(National Statistics Office, 2009). The Breast 
Cancer Control Programme of the Philippines 
includes nationwide programmes for breast 
cancer prevention as follows: public information, 
health education, case finding, and treatment 
integrated into the community health structure 
(Ngelangel & Wang, 2002).

(x) Thailand
A National Cancer Control Programme, 

including breast cancer screening, was developed 
in Thailand in 1998 (National Cancer Control 
Programme, Thailand, 2013). Thailand also has 
opportunistic screening and some pilot studies 
in local areas. Because provision of universal 
access to mammography is not currently possible 
in Thailand, risk-prediction models are being 
developed in order to target mammography 
screening only at women at higher risk of breast 
cancer (Anothaisintawee et al., 2012, 2014). 
Knowledge and uptake of screening are low, and 
campaigns for increasing public awareness and 
teaching BSE have been recommended (Mukem 
et al., 2014).

(xi) Viet Nam
The National Cancer Control Programme 

was introduced in selected regions of Viet Nam 
in 2008. The objectives of the programme were 
to decrease cancer morbidity and mortality and 
to improve the quality of life of cancer patients 
(Nguyen et al., 2013). To realize these objectives, 
six regions in which cancer registries had been 
established initiated an organized screening 

programme with CBE. Although the screening 
policy focused on women aged 40–55 years, there 
were differences in the target age range of women 
among the regions, as follows: 35–60  years in 
Hanoi, 40–55  years in Hai Phong, 30–50  years 
in Thừa Thiên-Huế, and 40–54  years in Thái 
Nguyên. Because of the fiscal constraints of 
the National Cancer Control Programme, only 
about 15–20% of the total population in each 
region participated in 2008 (Nguyen et al., 2013).

3.2.7 Oceania

In Australia and New Zealand, organ-
ized breast cancer screening has been estab-
lished nationwide, as well as breast awareness 
programmes.

(a) Australia

(i) Systems, policies, and guidelines
In Australia, organized screening was estab-

lished in 1991 by the national government, and 
BreastScreen Australia is the national breast 
cancer screening programme (Australian 
Government, Department of Health, 2014). The 
Australian government performs the overall 
coordination in terms of policy-making, national 
data collection, quality control, monitoring, and 
evaluation. The responsibility of implementing 
the programmes lies with the governments of 
each state and territory. In 2013, BreastScreen 
Australia operated in more than 600 locations, 
including fixed and mobile screening units. 
Recruitment and reminder systems by mail 
ensure that women in the target group are 
screened and rescreened in accordance with the 
programme policy. The screening is provided 
free of charge for all Australian women.

The screening method for breast cancer is 
mammography without CBE (AIHW, 2013; 
Australian Government, Department of Health, 
2014). The target group for screening is women 
aged 50–74  years (Table  3.8). Nevertheless, 
free mammography screening is available for 
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asymptomatic women aged 40–49 years, or for 
women aged 75 years and older who have decided 
to participate based on current knowledge 
and personal choice. The screening interval is 
2 years. All women are screened using two-view 
mammography, and results are read by at least 
two professionals.

The screening results are provided by 
letters directly to women who have under-
gone the screening (Australian Government, 
Department of Health, 2014). If any suspicious 
diagnostic images are found, further investiga-
tion, including clinical examination, mammog-
raphy, ultrasonography, and biopsy, is provided 
free of charge by BreastScreen Australia. Women 
with histologically confirmed breast cancer are 
actively involved in the decision-making process 
about management of the cancer and are given 
the option of referral to a specialized treatment 
clinic for breast cancer or returning to their 

nominated general practitioner for referral to the 
appropriate surgeon.

BreastScreen Australia has rigorously moni-
tored and assessed the performance of breast 
cancer screening (Australian Government, 
Department of Health, 2014). At the national 
level, the screening results have been evaluated 
based on the following performance indicators: 
participation, rescreening, recall to assessment, 
invasive breast cancer detection, DCIS detec-
tion, sensitivity, morbidity, and mortality. A 
comprehensive system of accreditation ensures 
that all BreastScreen Australia services operate 
under a common set of standards (BreastScreen 
Australia, 2008; Australian Government, 
Department of Health, 2014). Each service is 
assessed on a regular basis by an independent 
team to ensure that the services provided comply 
with the national standards.

Table 3.8 Policies and practice for breast cancer screening in Oceania

Country Type of 
programmea

Start 
year

Screening 
practice

Target 
age 
(years)

Interval 
(years)

Examination 
coverageb (%)

Mammography 
units per 
million 
women aged 
50–69 years in 
2013c

References

Australia National 
organized 
programme

1991 Mammography 50–74 2 55.0d — AIHW 
(2014), 
Australian 
Government, 
Department 
of Health 
(2014)

Fiji Partial 
programme

Unclear Unclear Unclear Unclear Unclear 28.8 Ministry of 
Health, Fiji 
(2009)

New 
Zealand

National 
organized 
programme

1998 Mammography 45–69 2 70.2e — BreastScreen 
Aotearoa 
(2014)

a  Partial programmes are supported by government and nongovernmental organizations and are conducted mainly in local areas, and 
screening systems have not been standardized.
b  Annual examinations as percentage of annual target population, with the screening method and within the age range reported in the policy.
c WHO (2014).
d  Coverage refers to women aged 50–69 years, as this was the target age until 2012.
e  Coverage refers to 2010–2012.
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(ii) Participation
The programme’s aim was to achieve a partic-

ipation rate of at least 70% among women aged 
50–69 years. In 2011–2012, the programme was 
able to screen about 55% of women in this age 
group (Table 3.8; AIHW, 2014). The participation 
of Aboriginal and Torres Strait Islander women 
aged 50–69  years was 38%, compared with 
participation of non-Indigenous women of 54%.

(iii) Information and breast cancer awareness
Extensive efforts, including public awareness 

campaigns, have improved the knowledge of 
breast cancer and the need to seek medical advice 
when symptoms occur (Jones et al., 2010). In 
many of the states and territories, BreastScreen 
Australia programmes have continued to 
develop strategies and initiatives, including the 
use of appropriate communication, to encourage 
greater participation by Aboriginal and Torres 
Strait Islander women (AIHW, 2013). These 
strategies include group bookings for breast 
cancer screening for Aboriginal and Torres Strait 
Islander women. Non-English-speaking women 
generally participate in breast cancer screening 
less frequently than English-speaking women; 
special programmes based on cultural back-
ground were adopted to promote awareness of 
breast cancer among immigrant Chinese women 
(Koo et al., 2012).

(b) Fiji

The Fiji national government has developed 
a national strategy plan for noncommunicable 
disease prevention and control (Ministry of 
Health, Fiji, 2009). The programme includes 
improvement of public education on breast 
cancer.

(c) New Zealand

BreastScreen Aotearoa was established as a 
national breast cancer screening programme in 
1998, to provide free mammograms and follow-up 
for asymptomatic women (BreastScreen Aotearoa, 

2014). This programme is part of the National 
Screening Unit of the Ministry of Health and 
provides breast screening services throughout 
New Zealand.

(i) Systems, policies, and guidelines
The eligible age range for free breast cancer 

screening was first set at 50–64 years and then 
extended to 45–69 years in 2004, following the 
recommendations of a multidisciplinary Expert 
Advisory Group (Table 3.8). Women aged 70 years 
and older are not eligible for free mammograms 
provided by BreastScreen Aotearoa (Baker et al., 
2005a, b). The screening interval is 2 years, and all 
women are screened using two-view mammog-
raphy (BreastScreen Aotearoa, 2014).

The programme identifies the target popula-
tion and then sends invitation letters (BreastScreen 
Aotearoa, 2014). BreastScreen Aotearoa provides 
clinics for breast cancer screening throughout 
New Zealand, including clinics in communities, 
public hospitals, and mobile units. Women who 
have undergone screening usually receive the 
results within 2 weeks after the mammography 
and, upon consent, the general practitioner can 
also be informed of the results. The assessment 
of breast cancer is made by a multidisciplinary 
team of experts. Treatment of breast cancer is 
provided free of charge in public hospitals and 
clinics, but a certain amount must be paid for 
private treatment.

All BreastScreen Aotearoa facilities must 
meet the BreastScreen Aotearoa National Policy 
and Quality Standards (BreastScreen Aotearoa, 
2014). These standards determine the minimum 
requirements for any provider of BreastScreen 
Aotearoa services. Regular audits of BreastScreen 
Aotearoa are performed to assess how the quality 
standards are met.

(ii) Participation
In 2010–2012, the coverage rate was 70.2% 

(Table 3.8): 62.7% for Māori women and 71.1% for 
non-Māori women (BreastScreen Aotearoa, 2014). 
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The coverage rate for women aged 50–69 years 
has increased steadily in Māori women, who have 
a higher breast cancer mortality rate compared 
with non-Māori women.

(iii) Information and breast cancer awareness
BreastScreen Aotearoa provides information 

in various forms, such as leaflets for breast cancer 
awareness and screening, including specific 
messages for Māori women (BreastScreen 
Aotearoa, 2014). The Te Whanau a Apanui 
Community Health Services have provided 
education and information about breast 
cancer screening for Māori and Pacific women 
(Thomson et al., 2009). The programme also 
provides mammography screening by a mobile 
unit, which has increased the participation 
rate. Although the number of migrant Chinese 
women has increased, their participation rate 
has remained lower than that of other New 
Zealanders because of insufficient knowledge of 
the national cancer screening programmes and 
limited engagement with preventive primary 
care services (Zhang et al., 2014).
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4.1 Methodological and analytical 
issues

To evaluate the efficacy of screening, it is 
important to consider the definitions of efficacy 
and effectiveness for an intervention, to define 
outcome measures, and to consider potential 
biases.

4.1.1 Efficacy versus effectiveness

The term “efficacy” should be distinguished 
from the term “effectiveness”. Efficacy is “the 
extent to which a specific intervention, proce-
dure, regimen, or service produces a beneficial 
result under ideal conditions” (Porta, 2014), 
whereas effectiveness is “a measure of the extent 
to which a specific intervention, procedure, 
regimen, or service, when deployed in the field in 
the usual circumstances, does what it is intended 
to do for a specified population” (Porta, 2014). In 
practice, true efficacy [under ideal conditions] 
can rarely be estimated. Randomized controlled 
trials (RCTs), which are conducted to initially 
assess whether screening works, assess efficacy 
by estimating a primary outcome, such as reduc-
tion in breast cancer mortality in the study arm 
compared with the control arm. However, the 
measure of efficacy is limited by the implementa-
tion of the intervention and other practical issues 
– for instance, less than 100% compliance in 
the study arm and unintended screening in the 

control arm. Hence, an intention-to-treat anal-
ysis of RCTs, i.e. an analysis in which the data 
are analysed according to the original random-
ized design, may actually have a limited ability to 
address efficacy, due to non-ideal circumstances 
(Gulati et al., 2012).

This section focuses primarily on the assess-
ment of efficacy; methodological issues in the 
assessment of effectiveness are addressed in 
Section 5.1.

4.1.2 Primary outcome measures

The primary outcome measure is reduction 
in breast cancer mortality, although increasing 
life expectancy or reduction of metastatic disease 
can also be considered efficacy measures. Given 
the natural history of the disease, a minimum 
requirement in addressing efficacy is a sufficiently 
long follow-up (Hanley, 2011). Some authors have 
suggested that the use of breast cancer mortality 
as the end-point of a trial may have led to unre-
liable estimates of the relative risk reduction, 
due to possible uncertainties surrounding the 
determination of breast cancer death (leading 
to misclassification of deaths), and that the 
use of all-cause mortality as the end-point of a 
trial would resolve this bias (Black et al., 2002; 
Gøtzsche & Jørgensen, 2013). However, others 
have argued that all-cause mortality is not an 
appropriate end-point for screening trials for a 
specific disease (Tabár et al., 2002; Marmot et al., 

4. EFFICACY OF BREAST CANCER 
SCREENING
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2013; Weiss, 2014). Although using all-cause 
mortality avoids the need to determine cause 
of death precisely, breast cancer deaths reflect a 
small fraction of all-cause mortality, and trials of 
the size needed to have sufficient statistical power 
to detect the expected small effects of screening 
on all-cause mortality would be logistically and 
financially impracticable. A Swedish review, 
which incorporated all Swedish RCTs of breast 
cancer screening, showed a 2% non-significant 
reduction in all-cause mortality (Nyström et al., 
2002a), which is in line with the expected 0.94% 
(Nyström et al., 2002b).

4.1.3 Biases

Several sources of bias have important effects 
on the estimation of screening efficacy.

The first important bias is lead-time bias. 
The general concept of screening is that by early 
detection of disease and subsequent treatment, 
prognosis is improved and the probability of 
death from the disease is reduced. The time 
between screen detection and the point at which 
a tumour would have presented and been clin-
ically diagnosed (in the absence of screening) 
is referred to as “lead time” (Cole & Morrison, 
1980). The survival time, the time from breast 
cancer diagnosis to death, of screen-detected 
cases is increased because of this lead time, 
even for individuals who do not benefit from 
screening. Lead-time bias may therefore appear 
to act in favour of screening, if efficacy is evalu-
ated by survival analyses.

The second important bias is length bias 
(Cole & Morrison, 1980) (sometimes referred 
to as length-time bias). The probability of a 
tumour being detected at screening is (partially) 
dependent on the growth rate of the tumour, 
because slow-growing tumours have a longer 
preclinical detectable phase (sojourn time) and 
are therefore more likely to be detected than fast-
growing tumours. Tumours detected at screening 
thus reflect a biased sample of preclinical lesions, 

including slower-growing tumours, which 
are generally thought to be associated with a 
better prognosis and therefore longer survival. 
This again leads to bias apparently in favour of 
screening. The most extreme form of length bias 
is referred to as overdiagnosis. Some ductal carci-
noma in situ (DCIS) may never progress to inva-
sive cancer or present clinically (in the absence of 
screening) (Yen et al., 2003), and some invasive 
cancers may be sufficiently indolent that they 
would never have presented clinically during the 
woman’s lifetime if they had not been detected by 
screening (see Section 4.2.3c).

The last important bias in evaluating 
screening is selection bias. Women attend 
screening voluntarily, and participants might 
therefore generally be more health-conscious 
and have a lower baseline risk of breast cancer 
than non-participants, although in practice this 
assumption may not hold true (Paap et al., 2011). 
The decision to attend screening may also be 
influenced by certain demographic and social 
factors (see Section 3.1) that affect disease prog-
nosis, for example familial risk. In RCTs with 
mortality as the end-point, such a selection may 
hamper the generalizability of the results.

Evaluations of efficacy and effectiveness must 
control for the above-mentioned biases if they 
are to provide credible estimates. To eliminate 
lead-time and length bias, differences in breast 
cancer mortality rates (between the trial arms or 
different populations) should be the end-point 
of a study rather than survival, because survival 
time in cancer patients is extended due to lead 
time and is more favourable due to length-biased 
sampling. Selection bias can partially be quanti-
fied by comparing non-participants with histor-
ical or recent data on mortality or risk factors 
and can, perhaps, be controlled for by adjusting 
for risk factors or their surrogates (e.g. socioec-
onomic status; Allgood et al., 2008) or by the 
application of an empirically derived adjust-
ment factor (Paap et al., 2014). In addition, it 
has been argued that any bias due to selection 
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for screening is likely to be small in organized 
programmes with invitation schemes based on 
population registries and with high attendance 
rates (van Schoor et al., 2011a, b).

4.1.4 Use of randomized controlled trials

Reduction in breast cancer mortality in 
women offered screening relative to women not 
offered screening is the appropriate measure of 
benefit of an RCT. Lead-time and length bias 
are then eliminated in the analyses. Women are 
followed up from the time of randomization 
instead of from the time of diagnosis, which 
avoids lead time, and all deaths from breast 
cancer that occur during the follow-up period 
are included in the analysis. The RCTs of breast 
cancer screening are evaluated in accordance 
with the intention-to-screen principle, taking 
into account in the intervention group both 
women who accept the invitation to screening 
and women who decline the invitation. The 
resulting point estimate of reduction in breast 
cancer mortality therefore does not evaluate the 
screened groups of individuals only.

In RCTs, participants are randomly assigned 
to either the intervention group or the control 
group to prevent confounding at baseline, 
accounting for both observable characteris-
tics and unknown confounders. However, even 
well performed randomization schemes may 
not prevent potential imbalances completely. 
To take into account possible differences in risk 
factors for death from breast cancer between 
the intervention group and the control group, 
an assessment should preferably be made of the 
distribution of risk factors in both groups at 
trial entry, which would permit adjustment in 
the analysis (although most known risk factors 
for breast cancer seem to have limited predic-
tive value). If individual randomization is not 
feasible, for example when the same clinician 
would be required to use a simple screening 
test in one individual and not use it in another, 

randomization by cluster is an alternative. Both 
types of randomization have been used in the 
RCTs of breast cancer screening. Recruitment 
and randomization are less complex with cluster 
randomization, but an equal distribution of risk 
factors between the intervention group and the 
control group is less likely to be achieved than 
with individual randomization. Furthermore, 
subjects with a previous diagnosis of breast 
cancer at the time of randomization are, ideally, 
excluded from the trial. Whereas a previous 
diagnosis can be determined more easily in 
RCTs with individual randomization, this may 
be more difficult to achieve beforehand with 
cluster randomization. An important advantage 
of cluster randomization is that contamination of 
(screening in) the control group may be reduced.

As mentioned above, the screening effect 
in RCTs is dependent on, among other things, 
the compliance in the intervention group and 
the limitation of contamination of the control 
group. Low compliance reduces the estimate of 
effect and must therefore be reported. Screening 
of controls by services outside of the trial will 
also dilute the effect of screening on breast 
cancer mortality. Possible contamination of 
the control group is often difficult to measure, 
especially because mammography is also used 
for clinical diagnosis of breast cancer and this 
use may not be easily distinguished from use for 
opportunistic screening. Methods to adjust for 
contamination and poor compliance have been 
proposed (Cuzick et al., 1997; Baker et al., 2002). 
Furthermore, unless the breast cancer mortality 
analysis is limited to those diagnosed with breast 
cancer during the screening phase of the trial 
period, with longer follow-up, screening of the 
control group can influence the observed differ-
ence between the intervention group and the 
control group.

The difference in outcome between the groups 
of subjects randomized is further determined 
by a large number of varying factors. The age 
groups at entry, screening interval, attendance 



IARC HANDBOOKS OF CANCER PREVENTION – 15

240

of trial screening, and opportunistic screening 
in both women randomized to screening and 
control women all influence the ultimate extent 
of the effects. Such “analyses per protocol” were 
not routinely conducted in the available trials. 
Through modelling, it has been shown that these 
relatively simple differences alone could make 
one trial exhibit a 25% greater effect than another 
(de Koning et al., 1995).

However, for estimating the magnitude of 
(true) efficacy, it is equally important to consider 
how much earlier the diagnosis was made as 
a result of screening and the effect this has. 
Therefore, the more important questions relate 
to the quality of the screening, how many women 
were referred for further examination, and how 
many tumours were detected and at which stage. 

The baseline conditions before the study, or in 
this case those of the control group, are also 
significant. If women in one region on average 
receive health care at an earlier stage, this can 
mean that the difference between “early” and 
“late” (read: intervention group compared with 
control group) is smaller in one region than in 
another, even if the quality of screening and 
therapy may be the same. In standard meta-anal-
yses, all of these differences are ignored, and 
modelling has been proposed to estimate the 
impact of such effects and to lead to better esti-
mates of “efficacy under ideal circumstances”. 
Fig. 4.1 exemplifies the most important different 
steps that ultimately lead to the (reported) reduc-
tion in the unfavourable outcome of disease – for 

Fig. 4.1 Trajectory of a screening outcome

Design of trial or study 
Age at entry 
Screen test 
Attendance rate 
Proportion of non-attenders 
Screening interval 
Screening in control group (attendance rate and interval) 
Screening before and after the trial/study 
Duration of trial/study and follow-up after the trial/study 

Quality of screening, assessment, and treatment 
Sensitivity of screen test 
Treatment dissemination and effect 
Improvement in survival 

Reduction in unfavourable outcome 

Baseline conditions prior to the study 
Age and gender distribution in population 
Life table without disease 
Incidence of disease 
Growth rate of the disease (natural history) 
Stage distribution at diagnosis 
Treatment dissemination and effect 
Survival with the disease 

From de Koning (2009).
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example, breast cancer mortality – that should 
be considered when estimating the true efficacy.

4.1.5 Use of observational studies in assessing 
efficacy

Estimates of screening efficacy from contem-
porary observational studies may be considered 
more relevant than those from the RCTs, most of 
which were initiated in the 1970s or early 1980s. 
Recent studies can take into account improve-
ments in mammography techniques and in treat-
ment that have occurred over the past 30 years. 
However, observational studies are prone to the 
biases discussed above, and adequate control for 
these biases by design or analysis is difficult. The 
presence of other potential biases differs between 
studies and is dependent on the study design, the 
duration and completeness of follow-up, and, in a 
case–control study, the definition of exposure to 
screening. In practice, these observational studies 
have been used primarily to assess the effective-
ness of screening programmes (see Section 5.1.2).

4.2 Mammography

The basic characteristics of the randomized 
trials of the efficacy of screen-film mammography 
screening are shown in Table 4.1. All of these trials 
were considered by the previous IARC Working 
Group on breast cancer screening (IARC, 2002). 
All ages given in this section, unless otherwise 
stated, refer to age at entry into the trial.

4.2.1 Description of randomized trials

(a) Health Insurance Plan trial

In December 1963, the Health Insurance Plan 
of Greater New York, USA, had 85  000 female 
members aged 40–64 years (Shapiro et al., 1966). 
In 23 of the plan’s 31 medical groups, women 
were individually randomized to annual film 
mammography screening and clinical breast 
examination (CBE) for 4 years or to a control arm 

receiving the usual care within the plan but no 
screening. Randomization was pair-matched by 
age, size of the insured family, and employment 
group through which the family had joined the 
plan. Of those randomized to screening, 67% 
attended the first screening round. Although 
data on risk factors were not collected from all 
participants, there were no differences between a 
10% sample of the examined group, a 20% sample 
of non-attenders, and a 20% sample of controls 
with respect to age, socioeconomic status, and 
history of pregnancies (Shapiro et al., 1988).

Gøtzsche & Olsen (2000) suggested that 
the exclusions after randomization and the 
review of causes of death may have led to lack 
of comparability between the screened and 
unscreened groups. Miller (2001) advised that 
the decisions made on the deaths reviewed were 
entirely masked. [Miller was a member of the 
death review committee.] A difference in the 
numbers of women with breast cancer initially 
excluded from the two arms of the trial arose 
because previously diagnosed breast cancers 
were identified in women in the screened group 
when they attended screening, but this was not 
possible for the controls. However, the 18-year 
follow-up enabled identification of deaths from 
breast cancer in the two groups; determination 
of the date of diagnosis was then made from 
hospital records. Women who had died from 
breast cancers diagnosed before randomization 
were then excluded.

[The Working Group concluded that the 
Health Insurance Plan trial was valid and 
could be included in its overall evaluation of 
screening by mammography. The technology 
used produced images of comparable quality 
to those from screen-film mammography (see 
Sections 2.1.1 and 2.1.2 for details on the history 
of screening techniques).]
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242 Table 4.1 Basic characteristics of randomized trials of the efficacy of screen-film mammography screening

Trial, 
country

Randomization No. of 
women

Accrual period for 
screening

Age at 
entry 
(years)

Intervention No. of 
mammography 
views

Screening 
interval 
(months)

No. of 
rounds

Attendance 
rate at first 
round (%)

Determination 
of end-point

Invited 
group

Control 
group

Health 
Insurance 
Plan trial, 
USA

Individual 60 696 December 
1963–June 
1966

40–64 M + CBE 2 12 4 67 Independent 
death review

Malmö I 
trial, Sweden

Individual 42 283 October 
1976–
August 
1978

October 
1992–
February 
1993

45–70 M 2 18–24 6–8 74 Independent 
death review 
Official 
statistics

Malmö II 
trial, Sweden

Individual 17 786 September 
1978–
November 
1990

September 
1991–
April 1994

43–49 M 2 18–24 1–7 75–80 Official 
statistics

Two-County 
trial: 
Kopparberg 
County, 
Sweden

Cluster 57 897 July 1977–
February 
1980

September 
1982–
December 
1986

40–74 M 1 24 
(40–49) 
33 (≥ 50)

2–4 89 Death review

Two-County 
trial: 
Östergötland 
County, 
Sweden

Cluster 76 617 May 1978–
March 
1981

April 
1986–
February 
1988

40–74 M 1 24 
(40–49) 
33 (≥ 50)

2–4 89 Death review 
Official 
statistics

Edinburgh 
trial, United 
Kingdom

Cluster 54 643 1978–1985 45–64 M + CBE 2 24 2–4 61 Death 
certificates

CNBSS 1 
trial, Canada

Individual 50 430 January 
1980–
March 
1985

40–49 M + CBE 2 12 4 or 5 100 Independent 
death review 
Official 
statistics

CNBSS 2 
trial, Canada

Individual 39 405 January 
1980–
March 
1985

50–59 M + CBE 2 12 4 or 5 100 Independent 
death review 
Official 
statistics

Stockholm 
trial, Sweden

Cluster 60 117 March 
1981–May 
1983

October 
1985–May 
1986

40–64 M 1 28 2 81 Official 
statistics
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Trial, 
country

Randomization No. of 
women

Accrual period for 
screening

Age at 
entry 
(years)

Intervention No. of 
mammography 
views

Screening 
interval 
(months)

No. of 
rounds

Attendance 
rate at first 
round (%)

Determination 
of end-point

Invited 
group

Control 
group

Gothenburg 
trial, Sweden

Individual 
Cluster

51 611 December 
1982–
April 1984

November 
1987–June 
1991

39–59 M 2 18 4 or 5 85 Official 
statistics

United 
Kingdom 
Age trial

Individual 160 921 1991–1997 On 
reaching 
age 50–
52 years

39–41 M 2, first screen 
1, subsequently

12 4–7 68 Official 
statistics

CBE, clinical breast examination; CNBSS, Canadian National Breast Screening Study; M, mammography.

Table 4.1   (continued)
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(b) Malmö trials

In the first of two trials in Malmö, Sweden 
(Malmö I), starting in October 1976 all women 
born in 1908–1932 were identified from the popu-
lation register and randomized by a computer 
program within each birth-year cohort. The 
resulting lists were divided; the 21 088 women in 
the first half were invited, and the 21 195 women 
in the second half served as controls (Andersson 
et al., 1988). Women were invited to screen-
film mammography alone, with two views 
(craniocaudal and mediolateral oblique) in the 
first two rounds, and with either both views or 
only the oblique view, depending on the paren-
chymal pattern, in the subsequent rounds, every 
18–24  months. A single mediolateral oblique 
view was taken for women whose breasts were 
mainly fatty on mammography, and both views 
were taken for women with dense breasts. The 
attendance rate was higher for the first round 
(74%) than for subsequent rounds (70%), and was 
higher among younger women than among older 
women.

After August 1978, the investigators aimed 
to continue to recruit women who reached the 
age of 45 years and to randomize them to either 
receive or not receive an invitation to mammog-
raphy. In the second trial (Malmö II), 17  786 
women born in 1933–1945 were recruited, with 
9574 in the invited group and 8212 in the control 
group. The randomization and screening proce-
dures were the same as in the first trial, and 
recruitment continued until 1990 (Andersson & 
Janzon, 1997).

(c) Two-County trial (Kopparberg and 
Östergötland)

In 1975, the Swedish National Board of 
Health and Welfare invited five county councils 
to start a mammography screening trial. Two 
counties, Kopparberg (now Dalarna) County 
and Östergötland County, accepted the invita-
tion. Women in this trial were randomized by 

cluster within geographical areas (municipali-
ties, parishes, tax districts). The municipalities 
in Östergötland County were grouped pairwise 
with respect to the size of the population and 
geographical characteristics. The more-popu-
lated municipalities of Linköping, Norrköping, 
and Motala were split into six, eight, and two clus-
ters, respectively, of similar size, creating three, 
four, and one pairs, respectively, to increase the 
number of clusters. The clusters were randomly 
allocated to an invitation group or to a control 
group. A total of 76 617 women aged 40–74 years 
were randomized to mammography or the usual 
care (Nyström et al., 2002a). In Kopparberg 
County, the invited group was planned to be 
twice as large as the control group. Thus, triplets 
of geographical areas were identified by dividing 
each block into three units of roughly equal size, 
of which two were randomly allocated by local 
politicians to receive screening and one to the 
control group. A total of 57  897 women aged 
40–74 years were included (Tabár et al., 1985). In 
total, 77 080 women were randomized to regular 
invitation to screening (active study population 
[ASP]) and 55 985 to no invitation (passive study 
population [PSP]) in 45 geographical clusters 
(Duffy et al., 2003a). In the ASP, women aged 
40–49 years were invited to screening by single-
view mammography every 24 months, and those 
aged 50 years and older were invited on average 
every 33  months. The overall compliance with 
the invitations for women aged 40–74  years 
was 89% for the first screen and 83% for the 
second screen. Women aged 40–49  years had 
the highest compliance, 93% for the first screen 
and 89% for the second screen, and women aged 
70–74 years had the lowest compliance, 79% for 
the first screen and 67% for the second screen 
(Tabár et al., 1985). Women aged 70–74 years at 
randomization were not invited to a third screen. 
The compliance for the third screen was 88% for 
women aged 40–49  years, 86% for those aged 
50–59 years, and 78% for those aged 60–69 years 
(Tabár et al., 1992).
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When this trial was conducted, adjuvant 
chemotherapy and hormone therapy were not 
available in Sweden, and therefore they were 
not used for the treatment of breast cancer cases 
in the trial (Holmberg et al., 1986, Tabár et al., 
1999). Furthermore, because the controls (PSP) 
were not contacted until a decision was made 
to screen them at the end of screening of the 
ASP, no data on breast cancer risk factors were 
collected to permit confirmation that balance in 
the distribution of risk factors was achieved by 
the cluster randomization.

In response to suggestions that there were 
various potential problems with the randomiza-
tion in the Two-County trial (Olsen & Gøtzsche, 
2001), Nyström et al. (2002a) reported that the 
breast cancer incidence and mortality rates in 
the clusters of the screened and control groups 
in Östergötland County before the trial (1968–
1977) were similar. They suggested that there is 
no reason to believe that the cluster randomiza-
tion in this component of the trial was biased, as 
any bias would have manifested in breast cancer 
incidence and mortality rates. Duffy et al. (2003a) 
reanalysed the available data, taking into account 
the cluster randomization. Although there was 
no significant difference in prior breast cancer 
mortality between the ASP and PSP clusters, the 
authors reported an analysis adjusting for prior 
mortality within clusters. This yielded a signif-
icant 27% reduction in mortality in the ASP, a 
minor dilution of the unadjusted estimate (30%). 
[This suggested that there was no substantial bias 
in terms of prior risk of breast cancer mortality 
as a result of the cluster randomization.]

Issues have been raised about the numbers of 
cases included in the analyses of the Two-County 
trial (Zahl et al., 2006). Dean (2007) advised that 
the analysis of Zahl et al. (2006) was inaccurate 
with respect to trial dates and did not take into 
account the staggered entry of districts into the 
trial (Fagerberg & Tabár, 1988).

Verification of the cause of death is crucial in 
any trial. Holmberg et al. (2009) characterized 

and quantified differences in the number of 
breast cancer cases and deaths identified in 
the Two-County trial by the local end-point 
committee compared with the Swedish overview 
committee. Of the 2615 outcomes included by 
the local end-point committee or the overview 
committee, there were 478 (18%) disagreements, 
of which 82% were due to differences in applica-
tion of inclusion/exclusion criteria and 18% were 
due to disagreement with respect to cause of death 
or vital status at ascertainment. For Östergötland 
County, the overview committee-based determi-
nation of cause of death resulted in a reduction of 
the estimate of the effect of screening compared 
with the local end-point committee, but for 
Kopparberg County the difference was modest.

The Two-County trial was closed after 
completion of the first round of screening in the 
PSP; participants in both groups continued with 
service screening. All cases of breast cancer in 
both groups diagnosed up to and including the 
end of the first screen of the PSP were followed 
up for death from breast cancer (Holmberg et al., 
2009).

(d) Edinburgh trial

In Edinburgh, United Kingdom, in 1978–
1981, 87 general practitioners’ practices, covering 
44 268 women aged 45–64 years, were random-
ized for a breast cancer screening trial (Alexander 
et al., 1999). The 22 926 women in the practices 
in the intervention group were invited to partic-
ipate in a screening programme, which included 
CBE every year and two-view mammography 
every 2 years. The 21 342 women in the practices 
in the control group received only the usual care. 
Subsequently, additional eligible women who 
joined these practices and existing patients who 
reached the age of 45 years were recruited into 
two further cohorts: 4867 women in 1982–1983 
and 5499 women in 1984–1985 (Alexander et al., 
1999).

Alexander et al. (1989) reported that the 
cluster randomization in the Edinburgh trial 
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resulted in differences by socioeconomic cate-
gory and also in rates of mortality from all causes 
between the two comparison groups.

[The Working Group noted concerns about 
the potential for bias resulting from the cluster 
randomization procedure. Although the authors 
adjusted for socioeconomic status in their anal-
yses, it is not clear that this entirely removed 
the bias. Nevertheless, the Working Group 
concluded that this trial could be included in the 
evaluation.]

(e) Canadian National Breast Screening Study 
trials

The Canadian National Breast Screening 
Study (CNBSS) was originally designed as a 
single trial in women aged 40–59 years (Miller 
et al., 1981), and was managed as such, but after 
the first mortality reports (Miller et al., 1992a, b), 
it was regarded as two trials: CNBSS 1, in women 
aged 40–49 years, and CNBSS 2, in women aged 
50–59 years. Women were eligible for the trials 
if they had not had breast cancer, had not had a 
mammogram in the previous 12  months, were 
not currently pregnant, and completed a ques-
tionnaire providing full identification and data 
on risk factors for breast cancer (Miller et al., 
1981). Before randomization, all participants gave 
written informed consent after having been told 
that they had a 50% chance of having a mammo-
gram. They then received CBE and instruction in 
breast self-examination (BSE), and the findings 
were recorded. While the participant remained 
in the examining room, the examiner went to 
receive the results of randomization from the 
centre coordinator, and then told the partici-
pant whether she would receive mammography 
screening. Subsequently, women randomized 
to screening in both trials were offered annual 
CBE and mammography (Miller et al., 1992a, b). 
Control women aged 40–49 years in the CNBSS 1 
trial received a questionnaire every year. Control 
women aged 50–59  years in the CNBSS  2 trial 
were offered annual CBE.

Women were invited to volunteer to partic-
ipate in the trials by several methods (Baines 
et al., 1989) and were recruited in 1980–1985. 
A total of 50  430 women aged 40–49  years 
were enrolled in the CNBSS 1 trial, and 39 405 
women aged 50–59  years were enrolled in the 
CNBSS 2 trial. The distribution of breast cancer 
risk factors in the two groups in both trials was 
identical, confirming that balance was achieved 
by randomization (Miller et al., 1992a, b). The 
treatment administered to breast cancer cases in 
women aged 40–49 years in the CNBSS 1 trial was 
evaluated to be compatible with standards then 
applied in North America for adjuvant chemo-
therapy and hormone therapy (Kerr, 1991).

For women in the mammography group 
of the CNBSS  1 trial, full compliance with 
screening (mammography plus CBE) after the 
first screen (when compliance was 100% with 
CBE) varied from 89.4% (for the second screen) 
to 85.6% (for the fifth screen). In addition, a 
small proportion (1.7–2.9%) of the women 
accepted CBE but refused to undergo mammog-
raphy. More than 90% of the participants in the 
control group (ranging from 93.3% to 94.9% in 
the various years) returned their annual ques-
tionnaire (Miller et al., 1992a). For women in the 
mammography group of the CNBSS 2 trial, full 
compliance with screening after the first screen 
varied from 90.4% (for the second screen) to 
86.7% (for the fifth screen). In addition, a small 
proportion (1.8–3.2%) of the women accepted 
CBE but refused to undergo mammography. 
In the control group, compliance with annual 
CBE screening varied from 89.1% (for the second 
screen) to 85.4% (for the fifth screen); question-
naires only were obtained for 2.8–7.0% of the 
women (Miller et al., 1992b).

Boyd et al. (1993) criticized the process of 
randomization in the trials, but a systematic 
external review of the randomization records 
showed no evidence of subversion of randomiza-
tion (Bailar & MacMahon, 1997). The mammog-
raphy equipment used in these trials has also 
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been criticized (Kopans, 1990, 1993, 2014; 
Moskowitz, 1992; Kopans & Feig, 1993; Tabár, 
2014), and these criticisms have been addressed 
by the investigators (Miller et al., 1990, 2014a, b).

(f) Stockholm trial

A trial was performed in the south-eastern 
part of Greater Stockholm, Sweden, in which 
about 60 000 women aged 40–64 years in March 
1981 were randomized by day of birth to invita-
tion to mammography screening or to a control 
group (Frisell et al., 1986). Women born on 
days 1–10 and 21–31 of the month were invited 
to screening, and women born on days 11–20 
constituted the control group. Attendance was 
81% for the first round. In the review of Swedish 
trials by Nyström et al. (2002a), women born on 
day 31 were not included, and the totals analysed 
were 39 139 in the intervention group and 20 978 
in the control group.

(g) Gothenburg trial

From December 1982 to April 1984, all 
women born in 1923–1944 and living in the city 
of Gothenburg, Sweden, were randomized to 
mammography screening or to a control group; of 
the 51 611 women, 25 941 were aged 39–49 years. 
Randomization was by cluster on the basis of date 
of birth for the cohorts born in 1929–1935 and by 
individual birth date for those born in 1936–1944 
(Bjurstam et al., 1997). To enable rescreening of 
women every 18 months, with a limited capacity 
for mammography, the ratio of women random-
ized to the invited group and the control group 
was 1:1.2 in the age group 39–49 years and 1:1.6 in 
the age group 50–59 years. Attendance of invited 
women was 85% for the first round and 77% on 
average for subsequent rounds.

(h) United Kingdom Age trial

In 1991, a national, multicentre RCT was 
set up by the United Kingdom Coordinating 
Committee on Cancer Research (Moss, 1999). 

Women aged 39–41 years were randomized 1:2 
to annual mammography screening for 7 years 
or to no screening, followed up without screening 
until they reached the age of 50 years, and then 
invited to participate in the United Kingdom 
National Health Service Breast Screening 
Programme of 3-yearly mammography. This 
is the only randomized screening trial that 
completely avoids “age creep” (the delayed bene-
fits of screening for women randomized in their 
forties but diagnosed with breast cancer after 
their fiftieth birthday) (de Koning et al., 1995; 
Smith, 2000). The aim was to recruit 195  000 
women, with 65 000 forming a study group and 
the remaining 130 000 a control group. However, 
recruitment was slower than anticipated, and a 
total of 160 921 women were randomized (Johns 
et al., 2010b). Attendance of women invited to 
routine screening was 68% for the first round 
and 69% for subsequent rounds. A total of 43 709 
women in the intervention arm (81%) attended 
at least one routine screen, and 23  262 (43%) 
attended at least seven screens; 31  392 women 
attended 75% or more of all routine screens to 
which they were invited. To estimate the level 
of unscheduled screening in the control arm, 
Kingston et al. (2010) analysed data obtained 
from questionnaires sent to a random sample of 
3706 women at five centres in the control arm of 
this trial, with a response rate of 58.8%. Overall, 
24.9% of women surveyed reported having had 
a mammogram, but only about one third of the 
mammograms (8.4%) were for non-symptomatic 
reasons.

4.2.2 Beneficial effects

In this section, the data available from the 
randomized trials on breast cancer mortality, 
incidence of advanced breast cancer, and less-ex-
tensive therapy are summarized.
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(a) Reduced breast cancer mortality

Of the 12 trials considered by the previous 
IARC Working Group on breast cancer screen- 
  ing (IARC, 2002), 11 had results on breast cancer 
mortality. The results from the United Kingdom 
Age trial were subsequently reported after 
10 years of follow-up, and those for the CNBSS 
trials and the Two-County trial were subse-
quently updated.

For the Health Insurance Plan trial, the rela-
tive risk of death from breast cancer 18  years 
after recruitment was estimated by the previous 
IARC Working Group on breast cancer screening 
(IARC, 2002) from the data of Shapiro et al. 
(1988) to be 0.78 (95% confidence interval [CI], 
0.61–1.00) overall.

In the Malmö I trial (women aged 45–70 years 
at randomization) with a follow-up of 19.2 years, 
the relative risk of death from breast cancer was 
0.81 (95% CI, 0.66–1.00). In the Malmö II trial 
(women aged 43–49  years at randomization) 
after 9.1  years of follow-up, the corresponding 
relative risk was 0.65 (95% CI, 0.39–1.08) 
(Nyström et al., 2002a).

For the Two-County trial, after 29  years of 
follow-up, the relative risk of death from breast 
cancer among breast cancer cases diagnosed in 
the screening phase of both components of the 
trial (women aged 40–74 years at randomization) 
was 0.69 (95% CI, 0.56–0.84) according to data 
from the local end-point committee and 0.73 
(95% CI, 0.59–0.89) according to consensus data 
from the overview committee appointed by the 
Swedish Cancer Society (Tabár et al., 2011).

For the Edinburgh trial, a report based on 
14 years of follow-up and 577 518 person–years 
in the initial cohort (women aged 45–64 years at 
recruitment) showed a rate ratio for breast cancer 
mortality of 0.87 (95% CI, 0.70–1.06). After 
adjustment for socioeconomic status, the rate 
ratio was 0.79 (95% CI, 0.60–1.02) (Alexander 
et al., 1999).

For the CNBSS trials, after 20–24  years of 
follow-up, the breast cancer mortality hazard 
ratio based on the breast cancer cases ascer-
tained in the 5-year screening period for both 
trials combined was 1.05 (95% CI, 0.85–1.30). The 
breast cancer mortality hazard ratio remained 
similar if the cancer accrual period was extended 
to 6  years (1.06; 95% CI, 0.87–1.29) or 7  years 
(1.07; 95% CI, 0.89–1.29) (Miller et al., 2014a).

In the Stockholm trial (women aged 
40–64  years at assignment), the relative risk 
of death from breast cancer was 0.90 (95% CI, 
0.63–1.28) after a median follow-up of 14.9 years. 
Although the possibility of double counting of 
controls in earlier analyses has been raised, in the 
most recent analysis reassurance was provided 
that there was no double counting (Nyström 
et al., 2002a).

In the Gothenburg trial (women aged 
39–59  years at assignment), the overall rela-
tive risk of death from breast cancer was 0.79 
(95% CI, 0.58–1.08) after a median follow-up of 
14 years (Bjurstam et al., 2003).

In the United Kingdom Age trial (women 
aged 39–41  years at assignment), the ratio of 
breast cancer deaths in the study group relative 
to the control group was 0.83 (95% CI, 0.66–1.04) 
after a mean follow-up of 10.7 years (Moss et al., 
2006).

(b) Age-specific effects of screening

The results from randomized trials that 
have published results related to mammography 
screening for women aged 40–49 years at entry 
are presented in Table 4.2. Relative risks of death 
from breast cancer ranged from 0.64 to 1.52, with 
a median of 0.76.

Limited data are available for the Health 
Insurance Plan trial, although Shapiro et al. 
(1988) noted that the benefit appeared to be 
restricted to women diagnosed with breast 
cancer after the age of 50 years, and took many 
years to appear.
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For the Malmö trials, Andersson & Janzon 
(1997) combined the data from the Malmö I and 
Malmö II trials, with a relative risk of death from 
breast cancer of 0.64 (95% CI, 0.45–0.89). This 
is the only relative risk presented in Table  4.2 
where the upper 95% confidence limit is less 
than 1.0. In the Malmö I trial, the cumulative 
mortality curves did not begin to separate until 
after 5 years of follow-up, but in the Malmö II 
trial, separation began after the first year. For the 

Malmö II trial, Nyström et al. (2002a) presented 
age-adjusted data for women aged 43–49 years.

For the Two-County trial, updated data 
by age have not been reported for women 
aged 40–49  years or for women aged 50  years 
and older, but have been reported by separate 
segments of the age ranges in different publi-
cations. Table  4.2 presents the results from the 
Swedish overview analysis, where the findings 
only from Östergötland County were reported 

Table 4.2 Age-specific results of randomized trials of the efficacy of mammography screening, 
with and without clinical breast examination – women aged 40–49 years

Trial, country 
References

Age (years) at 
enrolment/
screening

Mean 
duration of 
follow-up 
(years)

No. of 
women

Breast cancer 
mortality per 
100 000 person–
years (no. of breast 
cancer deaths) in 
screened/control 
group

RR 95% CI

Health Insurance Plan trial, 
USA 
Shapiro et al. (1988), IARC 
(2002)

40–49/40–54 18 NR (49)/(65) 0.77 0.52–1.13

Malmö I and II trials, 
Sweden 
Andersson & Janzon (1997)

45–49/45–69 15.5 (Malmö I) 
10 (Malmö II)

25 770 34 (57)/54 (78) 0.64 0.45–0.89

Malmö II trial, Sweden 
Nyström et al. (2002a)

43–49/43–57 9.1 (Malmö II) 17 793 26 (29)/38 (33) 0.65 0.39–1.08

Two-County trial: 
Östergötland County, 
Sweden 
Nyström et al. (2002a)

40–49/40–54 17.4 20 744 18 (31)/17 (30) 1.05 0.64–1.71

Two-County trial: 
Kopparberg County, Sweden 
Tabár et al. (2000)

40–49/40–54 20 NR NR 0.76 0.42–1.40

Edinburgh trial, United 
Kingdom 
Alexander et al. (1999)

45–49/45–56 14 21 746 34 (47)/42 (53) 0.75 0.48–1.18

CNBSS 1 trial, Canada 
Miller et al. (2014a)

40–49/40–54 22 50 430 NR 1.09 0.80–1.49

Stockholm trial, Sweden 
Nyström et al. (2002a)

40–49/40–54 14.9 22 324 17 (34)/11 (13) 1.52 0.80–2.88

Gothenburg trial, Sweden 
Bjurstam et al. (2003)

39–49/39–55 14 25 941 (25)/(46) 0.65 0.40–1.05

United Kingdom Age trial 
Moss et al. (2006)

39–41/39–48 10.7 160 921 18 (105)/22 (251) 0.83 0.66–1.04

CI, confidence interval; CNBSS, Canadian National Breast Screening Study; NR, not reported; RR, relative risk.
From IARC (2002).
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(Nyström et al., 2002a), with a relative risk of 
1.05 (95% CI, 0.64–1.71). In the report by Tabár 
et al. (2000), the relative risk of death from breast 
cancer in Kopparberg County was 0.76 (95% CI, 
0.42–1.40) for women aged 40–49 years.

Relative risks of less than 1.0 were reported 
from the Edinburgh trial and the Gothenburg 
trial for women aged 45–49  years and 
39–49  years at entry, respectively; relative 
risks of more than 1.0 were reported from 
the CNBSS 1 trial and the Stockholm trial for 
women aged 40–49 years at entry.

Although analyses are based on women aged 
40–49 years at entry into the trials, screening after 

age 49 years could have influenced the estimated 
relative risks of breast cancer mortality, so-called 
“age creep” (de Koning et al., 1995; Smith, 2000). 
Only the United Kingdom Age trial (Moss, 
1999) was designed to overcome this. As stated 
above, in this trial of women aged 39–41 years at 
assignment, the ratio of breast cancer deaths in 
the study group relative to the control group was 
0.83 (95% CI, 0.66–1.04) after a mean follow-up 
of 10.7 years (Moss et al., 2006).

Table  4.3 summarizes the available data on 
the efficacy of mammography screening for 
women aged 50  years and older at entry. For 
the Malmö I trial, data were available only for 

Table 4.3 Age-specific results of randomized trials of the efficacy of mammography screening, 
with and without clinical breast examination – women aged 50 years and older

Trial, country 
References

Age (years) at 
enrolment/
screening

Mean 
duration of 
follow-up 
(years)

No. of 
women

Breast cancer mortality 
per 100 000 person–years 
(no. of breast cancer 
deaths) in screened/
control group

RR 95% CI

Health Insurance Plan 
trial, USA 
Shapiro et al. (1988), 
IARC (2002)

50–64/50–69 18 NR (77)/(98) 0.79 0.58–1.08

Malmö I trial, Sweden 
Andersson et al. (1988)

55–69/55–79 8.8 26 210 (35)/(44) 0.79 0.51–1.24

Two-County trial: 
Östergötland County, 
Sweden 
Nyström et al. (2002a)

50–59/50–64 17.4 23 506 27 (53)/29 (54) 0.94 0.66–1.35
60–69/60–74 0.72 0.52–1.00

Two-County trial:  
Kopparberg County, 
Sweden 
Tabár et al. (2000)

50–59/50–64 20 22 435 39 (64)/54 (83) 0.46 0.30–0.71
60–69/60–74 0.58 0.39–0.87
70–74/70–78 0.76 0.44–1.33

Edinburgh trial, United 
Kingdom 
Alexander et al. (1999)

50–54/50–61 14 11 046 56 (44)/52 (35) 0.99 0.62–1.58
55–59/55–66 11 858 55 (43)/76 (55) 0.65 0.43–0.99
60–64/60–71 9 993 67 (42)/76 (44) 0.80 0.51–1.25

CNBSS 2 trial, Canada 
Miller et al. (2014a)

50–59/50–64 22 39 405 1.02 0.77–1.36

Stockholm trial, 
Sweden, 
Nyström et al. (2002a)

50–59/50–64 14.9 24 367 12 (25)/20 (24) 0.56 0.32–0.97
55–64/55–69 26 347 17 (39)/23 (28) 0.75 0.46–1.21

Gothenburg trial, 
Sweden 
Bjurstam et al. (2003)

50–59/50–61 14 25 670 (38)/(66) 0.91 0.61–1.36

CI, confidence interval; CNBSS, Canadian National Breast Screening Study; NR, not reported; RR, relative risk.
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women aged 55–69  years at entry. For many 
trials, data are available only for 10-year age 
groups. Partly because of this age separation, 
many of the relative risks presented show upper 
95% confidence limits of more than 1.0. However, 
the upper 95% confidence limit was less than 1.0 
for women aged 50–59 years and for those aged 
60–69 years in Kopparberg County, for women 
aged 55–59 years in the Edinburgh trial, and for 
women aged 50–59 years in the Stockholm trial.

In a model-based analysis, Rijnsburger 
et al. (2004) evaluated whether the lack of 
benefit from mammography in the CNBSS  2 
trial could have been due to a beneficial effect 
of the CBE performed in both arms for women 
aged 50–59 years. Using data derived from the 
CNBSS 2 trial, the Netherlands breast screening 
programme, and the Two-County trial, it was 
estimated that a mortality reduction of more 
than 20% could have been derived from the CBE 
if compared with a no-screening arm.

The only trial to enrol women aged 
70–74 years was the Kopparberg component of 
the Two-County trial (Tabár et al., 1992). The 
participation rate of this group was poor, and 
only two screens were offered. At 15 years after 
randomization, the relative risk of death from 
breast cancer in the screened group compared 
with the control group was 0.79 (95% CI, 
0.51–1.22) (Tabár et al., 1995). At 20 years after 
randomization, the relative risk of death from 
breast cancer in Kopparberg County was 0.76 
(95% CI, 0.44–1.33) (Tabár et al., 2000).

(c) Meta-analyses of results of randomized 
trials of mammography screening

The previous IARC Working Group on 
breast cancer screening (IARC, 2002) reported 
the results of its own meta-analysis of the trials, 
including those using mammography alone 
compared with no screening as well as all valid 
trials in women aged 40–49  years. The results 
are summarized in Table 4.4, together with the 
results of subsequent meta-analyses. [None of 

these meta-analyses included the updated results 
of the Two-County trial or of the CNBSS trials.]

(d) Reduced incidence of advanced breast 
cancer

Most investigators consider that advanced 
breast cancer should be defined as extensive local 
involvement or metastatic disease, although the 
exact definition by stage will vary according to 
the level of detail recorded. In the randomized 
screening trials, this level of detail was rarely 
captured. The available data as reported by the 
authors of the various trials are presented in 
Table 4.5.

For the Health Insurance Plan trial, Shapiro 
(1977) reported that of 299 breast cancers in the 
study arm detected within 5 years of entry, 102 
(34%) were node-positive (for 27, the nodal status 
was unknown) compared with 121 of 285 (42%) 
in the control arm (34 of unknown status).

For the Malmö I trial, Andersson et al. (1988) 
reported that, after an excess of stage II–IV breast 
cancers ascertained during the first screen, 
the numbers of breast cancers at these stages 
gradually became greater in the control group, 
resulting at 10  years in a cumulative rate per 
100 000 person–years of 980 in the study group 
and 1210 in the control group [relative risk (RR), 
0.81]. Most of the excess in the control group 
was from stage II cancers. There were 26 stage 
III and 22 stage IV breast cancers ascertained in 
the study group, and 27 stage III and 32 stage IV 
breast cancers in the control group (Andersson 
et al., 1988). No similar data have been reported 
for the Malmö II trial.

For the Two-County trial, Tabár et al. (1992) 
estimated the cumulative incidence of breast 
cancers of stage II or higher during the first 
10 years of follow-up. There was an excess inci-
dence in the ASP at year 1, which disappeared 
by year 3. Subsequently, the rate increased much 
more slowly in the ASP than in the PSP. At 
10 years, the rate per 1000 person–years was just 
more than 10 in the PSP and less than 8 in the 
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ASP [rates approximated from Fig.  4 of Tabár 
et al. (1992)]. Tabár et al. (1995) reported that the 
cumulative incidence rate of lymph node-pos-
itive breast cancers together with those with 
distant metastases for women aged 40–49 years 
at 14 years of follow-up was 28.0 per 100 000 in 
the ASP and 32.8 per 100  000 in the PSP; the 
corresponding rates per 100 000 for women aged 
50–74 years were 45.1 in the ASP and 64.4 in the 
PSP.

For the Edinburgh trial, Alexander et al. 
(1994) reported that of 489 breast cancers ascer-
tained in the study group, 189 (39%) were of 
stage II (21 mm or larger), III, or IV (10 were of 
unknown stage), compared with 221 of 400 (55%) 
in the control group (7 of unknown stage).

For the CNBSS trials, no data have been 
reported on the incidence of advanced breast 
cancers, but data were reported on the nodal 
status of the majority of the breast cancers 

detected during the screening period, and for 
an average of 8.5 years of follow-up from enrol-
ment (Miller et al., 1992a, b), and subsequently 
on tumour size (Miller et al., 2000, 2002). For the 
CNBSS 1 trial, the total of node-positive breast 
cancers in the mammography arm was 81 of 
245 (33%) with known nodal status (for 33, the 
nodal status was unknown). The corresponding 
numbers were 59 of 203 (29%) for the control 
arm (45 of unknown nodal status) (Miller et al., 
1992a). For the CNBSS 2 trial, the corresponding 
numbers were 83 of 281 (30%) in the mammog-
raphy arm (47 of unknown nodal status) and 64 
of 200 (32%) in the control arm (38 of unknown 
nodal status) (Miller et al., 1992b).

For the Stockholm trial, data were reported 
on breast cancers of stage II or higher. There was 
a cumulative incidence of 4.27 per 1000 in the 
intervention arm compared with 4.86 per 1000 

Table 4.4 Meta-analyses of randomized controlled trials of the efficacy of mammography 
screening

Reference Screena Age at entry 
(years)

No. of 
trialsb

Population 
(thousands)

Breast cancer 
deaths 

RR 95% CI

        Screened Control Screened Control    

IARC (2002)c M alone 40–49 6 58.6 49.1 166 173 0.81 0.65–1.01
  All 40–49 8         0.88 0.74–1.04
  M alone 50–69 6 188.5 147.8 496 549 0.75 0.67–0.85
Nelson et al. (2009) All 39–49 8 152.3 195.9 448 625 0.85 0.75–0.96
    50–59 6         0.86 0.75–0.99
    60–69 2         0.68 0.54–0.87
    70–74 1         1.12 0.73–1.72
Canadian Task Force on 
Preventive Health Care 
(2011) 

All 40–49 8 152.3 195.9 448 625 0.85 0.75–0.96
  50–69 7 135.1 115.2 639 743 0.79 0.68–0.90
  70–74 2 10.3 7.3 49 50 0.68 0.45–1.01

Magnus et al. (2011)d All 39–49 7 144.6 191.6 427 615 0.83 0.72–0.97
Gøtzsche & Jørgensen 
(2013) 

All 39–49 8 142.9 186.6 385 567 0.84 0.73–0.96
  ≥ 50 7 146.3 122.6 599 701 0.77 0.69–0.86

Marmot et al. (2013) All 40–74 9         0.80 0.73–0.89
a  “All” indicates trials with mammography with or without CBE screening.
b  The Two-County trial is regarded as two trials: Kopparberg County and Östergötland County.
c  Excluded the Edinburgh trial.
d  Included the Edinburgh trial but excluded Kopparberg County and Östergötland County.
CBE, clinical breast examination; CI, confidence interval; M, mammography; RR, relative risk.
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in the control arm, for a relative risk of 0.88 (95% 
CI, 0.68–1.12) (Table 4.5).

In the Gothenburg trial, the incidence of 
lymph node-positive breast cancers in the study 
group was 0.65 per 1000, compared with 0.81 
per 1000 in the control group, for a relative risk 
of 0.80 (95% CI, 0.61–1.05). For women aged 
50–59 years, the relative risk was 1.02 (95% CI, 
0.70–1.48) (Bjurstam et al., 2003).

In the United Kingdom Age trial, which 
defined advanced breast cancers as those of 
20 mm or larger, the cumulative incidence rate 
per 1000 was 3.17 in the intervention arm and 3.61 
in the control arm, for a relative risk of 0.88 (95% 
CI, 0.73–1.05) (Moss et al., 2005a) (Table 4.5).

Based on the available data from random-
ized controlled trials, an association has been 
observed between the risk of advanced breast 
cancer and breast cancer mortality (Autier et al., 
2009; Tabár et al., 2015a, b; Fig. 4.2).

(e) More-conservative surgery

The extent of use of breast-conserving surgery 
was reported for the Malmö I trial, although data 
were missing from some control subjects with 
stage 0 disease (Andersson et al., 1988). Overall, 
of 575 women with breast cancer ascertained in 
the study group, 137 (24%) received breast-con-
serving surgery, compared with 80 (18%) of 436 
in the control group.

Gøtzsche & Jørgensen (2013), in a Cochrane 
review, reported that the risk ratio for mastecto-
mies in the screened versus unscreened groups 
based on 5 trials was 1.20 (95% CI, 1.11–1.30) and 
for lumpectomies and mastectomies combined 
was 1.35 (95% CI, 1.26–1.44), thus suggesting 
that screening in the trials did not result in 
more-conservative surgery. [The Working Group 
noted that the sources of the data from which 
these estimates were made are unclear.]

Table 4.5 Incidence of advanced breast cancer in randomized trials of breast cancer screening

Trial, countrya Definition of 
advanced breast 
cancer
 

No. of patients with 
advanced breast cancer

Cumulative incidence of 
advanced breast cancer (‰)

RR 95% CI

  Intervention Control Intervention Control    

Health Insurance Plan 
trial, USA

Stage II or higher 160 188 5.29 6.21 0.85 0.69–1.05

Malmö I trial, Sweden Stage II or higher 190 231 9.01 10.90 0.83 0.68–1.00
Two-County trial, 
Sweden

Stage II or higher 524 555 6.80 9.91 0.69 0.61–0.78

CNBSS 1 trial, Canada Size ≥ 20 mm 111 115 4.40 4.56 0.97 0.74–1.25
CNBSS 2 trial, Canada Size ≥ 20 mm 114 136 5.78 6.91 0.84 0.65–1.07
Stockholm trial, Sweden Stage II or higher 172 97 4.27 4.86 0.88 0.68–1.12
Gothenburg trial, 
Sweden

One or more 
nodes involved

85 144 3.93 4.81 0.80 0.61–1.05

United Kingdom Age 
trial

Size ≥ 20 mm 171 386 3.17 3.61 0.88 0.73–1.05

a  Follow-up periods may differ between trials.
CI, confidence interval; CNBSS, Canadian National Breast Screening Study; RR, relative risk.
Adapted from Autier et al. (2009).
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4.2.3 Performance indicators

For consistency with Section 5.1 on indicators 
for monitoring effectiveness of screening, the 
data available on false-positive mammograms 
and interval cancers are summarized here, as 
process indicators of performance in these trials.

(a) False-positive mammograms

For the Malmö trials, Andersson & Janzon 
(1997) reported that in women younger than 
50 years, further examination of false-positives 
was required in 1260 per 100 000 person–years; 
the rate of surgery for benign disease was 56 per 
100 000 person–years, and the rate of treatment 

of clinically insignificant cancer was 10 per 
100 000 person–years. No data on false-positives 
were reported for older women.

For the Two-County trial, the rate of recall 
for assessment for those not found to have breast 
cancer was 44 per 1000 at the first screen and 22 
per 1000 at subsequent screens; the rate of biopsy 
for benign conditions was 6 per 1000 at the first 
screen and 1 per 1000 at subsequent screens 
(Tabár et al., 1992).

In the CNBSS trials, with screening by both 
mammography and CBE, it is not possible to 
fully distinguish the contribution of mammog-
raphy to false-positive detections. As a result of 
the referrals by the study surgeon, the overall 

Fig. 4.2 Plot of data from randomized controlled trials, showing the association between the 
logarithm of relative risk (RR) of advanced breast cancer and of disease-specific mortality, with 
meta-regression line
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rates of surgical intervention after the first 
screen were 64 per 1000 in the mammography 
group and 37 per 1000 in the control group in 
the CNBSS 1 trial (Miller et al., 1992a) and 58 
per 1000 in the mammography group and 25 per 
1000 in the control group in the CNBSS 2 trial 
(Miller et al., 1992b). After subsequent screens, 
the rates were approximately one half of those 
after the first screen. These procedures resulted 
after the first screen in overall rates of biopsy 
detection of benign lesions of 33.6 per 1000 in the 
mammography group and 11.5 per 1000 in the 
control group in the CNBSS 1 trial (Miller et al., 
1992a) and 34.8 per 1000 in the mammography 
group and 8.7 per 1000 in the control group in the 
CNBSS 2 trial (Miller et al., 1992b). After subse-
quent screens, the rates of biopsy with detection 
of benign breast lesions were approximately one 
third of those after the first screen (Miller et al., 
1992a, b).

For the Stockholm trial, Frisell & Lidbrink 
(1997) reported that the recall rate was 0.8% for 
all subjects and 1.0% for those in the age group 
40–49  years. With only two screening rounds, 
the rate of false-positives was 242 per 100  000 
person–years in women older than 50  years 
compared with 355 per 100 000 in those younger 
than 50 years. The rate of benign surgical biop-
sies in the second round was 21 per 100 000 in 
women older than 50 years and 49 per 100 000 
in those younger than 50 years. In women aged 
40–49  years, 1 out of 2.5 surgical biopsies was 
benign, compared with 1 out of 7 in those older 
than 50 years.

For the Gothenburg trial, Bjurstam et al. 
(2003) reported that 5.9% of the participants in 
the study group were recalled for supplemental 
mammography at the first screen, and 2.6% at 
subsequent screens. The percentages of women 
who had clinical examination and fine-needle 
aspiration cytology who were not found to have 
cancer were 1.5% at the first screen and 0.7% at 
subsequent screens; the corresponding percent-
ages for surgery were 0.3% and 0.1%, respectively.

For the United Kingdom Age trial, Johns 
et al. (2010a) reported that 14.6% of women in the 
intervention arm and 18.1% of women attending 
at least one routine screen experienced one or 
more false-positive screens during the trial.

(b) Interval cancers

In the Malmö I trial, 100 (17%) breast cancers 
were detected in the 2-year interval before the 
next screen was due, out of 581 breast cancers 
ascertained in the study group (Andersson 
et al., 1988). Corresponding data have not been 
reported from the Malmö II trial.

For the Two-County trial, Tabár et al. (1992) 
reported the incidence of interval cancers as a 
percentage of the incidence in the control group 
by age. Over all intervals between screens, the 
percentage for women aged 40–49  years was 
45% in the first year and 62% in the second; the 
percentages over the 3-year intervals were 17%, 
34%, and 63%, respectively, for women aged 
50–59 years, 17%, 27%, and 46%, respectively, for 
those aged 60–69 years, and 8%, 44%, and 48%, 
respectively, for those aged 70–74 years.

In the CNBSS  1 trial, the rate of interval 
cancers after the first screen was 0.75 per 1000 in 
the mammography group and 1.11 per 1000 in 
the control group. For the second, third, fourth, 
and fifth screens in the mammography group, 
the rates were 0.71, 0.36, 0.46, and 0.64 per 1000, 
respectively (Miller et al., 1992a). In the CNBSS 2 
trial, data on interval cancer rates were avail-
able for both the mammography group and the 
control group after all five screens. The rates per 
1000 in the mammography group and the control 
group, respectively, were 0.76 and 0.81 after the 
first screen, 0.57 and 0.92 after the second screen, 
0.46 and 1.52 after the third screen, 0.52 and 0.95 
after the fourth screen, and 0.51 and 1.64 after 
the fifth screen (Miller et al., 1992b).

For the Stockholm trial, Frisell et al. (1986) 
reported that 60 interval cancers (6 in situ) 
occurred in the 24  months between the two 
screens (1.8 per 1000 examinations), and 38 of 
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the cases occurred in the second year. A review of 
the original mammograms found no indication 
of an abnormality in 31 cases (2 in situ); 45% of 
them were in women aged 40–49 years, and only 
8 occurred in the first year.

For the Gothenburg trial, Bjurstam et al. 
(2003) reported that 52 [24%] invasive interval 
cancers occurred of the total of 220 inva-
sive cancers ascertained in attenders. There 
were an additional 2 in situ interval cancers 
of 36 ascertained in attenders. The proportion 
of invasive interval cancers decreased with 
increasing age, from 36% at ages 39–44  years 
to 31% at 45–49 years, 16% at 50–54 years, and 
15% at 50–59  years [percentages calculated by 
the Working Group]. The two in situ interval 
cancers were ascertained in women younger 
than 50 years.

In the United Kingdom Age trial, there 
were 125 (26%) interval cancers and 229 (48%) 
screen-detected cancers of the total of 482 
breast cancers ascertained (Moss et al., 2005b). 
However, of the total, 9 breast cancers were diag-
nosed between randomization and invitation, 
and 61 breast cancers occurred in never-at-
tenders, 44 in lapsed attenders, and 14 in women 
lost to screening. If these are excluded from the 
denominator, the percentages become 35% and 
65%, respectively.

(c) Overdiagnosis of breast cancer

(i) Definition
Overdiagnosis of breast cancer is detection 

by screening of a breast cancer (DCIS or inva-
sive carcinoma) that would never have presented 
clinically during the woman’s lifetime if it had 
not been detected by screening. Overdiagnosis is 
invariably associated with the use of any method 
that is able to effectively bring forward the date of 
diagnosis. The probability that a tumour repre-
sents an overdiagnosis versus a timely diagnosis 
is determined by two components: the speed of 
growth, which determines the time the tumour 

would have required to present clinically, and the 
remaining lifespan of a patient, which depends 
on the patient’s age at diagnosis and other 
competing causes of death. Overdiagnosis is an 
important harm caused by screening because of 
the otherwise unnecessary investigation, treat-
ment, and psychosocial consequences that a 
diagnosis of cancer entails. Overdiagnosed cases 
cannot be identified individually, but, based on 
the above-mentioned components, the majority 
of overdiagnoses represent slower-growing, 
lower-grade cancers, both in situ and invasive.

(ii) Counting overdiagnosed cancers
Conceptually, overdiagnosed cancers can be 

counted as the difference between the numbers 
of breast cancer cases, including in situ and inva-
sive, accumulated in screened and unscreened 
cohorts from the beginning of screening in the 
screened cohort until the end of the compensa-
tory drop in incidence that occurs after screening 
has ended (i.e. when the lead time of all breast 
cancer cases diagnosed as a result of screening has 
elapsed) (Puliti et al., 2011). In principle, random-
ized screening trials, in which there is a clearly 
defined end to trial screening and a period of 
follow-up for new incident cases in both screened 
and unscreened women beyond the end of the 
compensatory drop, provide the best estimates 
of overdiagnosis under the assumption that there 
is no further screening outside of the trial, or at 
least that the accrual of diagnosed breast cancers 
outside of the trial is approximately the same 
in the two arms (Moss, 2005; Biesheuvel et al., 
2007; Independent UK Panel on Breast Cancer 
Screening, 2012; Marmot et al., 2013). However, 
this requirement is rarely, if ever, met, or known 
with any certainty to have been met, by any trial. 
The time interval that should be allowed for the 
compensatory drop is uncertain. Information 
on the timing of the compensatory drop is avail-
able from established screening programmes (de 
Gelder et al., 2011). For a randomized screening 
trial in which two cohorts of women are 
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recruited, screened or not screened for a period, 
and followed up for a period, Duffy & Parmar 
(2013) depicted in Fig.  1 of their article that 
excess cancers due to lead time accumulate for 
10 years, this excess remains constant for as long 
as screening lasts, and then the excess dissipates 
over 10 years. Therefore, given the assumptions 
of Duffy & Parmar (2013) as to median lead time 
and its distribution, 10 years after screening has 
ended seems a suitable point at which to attribute 
any remaining excess to overdiagnosis.

(iii) Estimating the proportion of incident 
cancers that are overdiagnosed

The Independent United Kingdom Panel on 
Breast Cancer Screening (Marmot et al., 2013), 
following earlier work by de Gelder et al. (2011), 
defined four measures of the overdiagnosis rate 
based on data from randomized screening trials. 
In each, the numerator was a count of overdi-
agnosed cancers. The four denominators were: 
(A) breast cancers diagnosed over the whole 
follow-up period in unscreened women (where 
the follow-up period extends from the beginning 
of screening in the screened women until the end 
of follow-up in both screened and unscreened 
women); (B) breast cancers diagnosed over the 
whole follow-up period in women invited to 
screening; (C) breast cancers diagnosed during 
the screening period in women invited to 
screening; and (D) breast cancers detected by 
screening in women invited to screening. The 
United Kingdom Panel preferred denominators 
(B), as representing the population perspective, 
and (C), as representing the perspective of a 
woman invited to screening.

(iv) Estimates of overdiagnosis rates from the 
trials

For the Health Insurance Plan trial, cumula-
tive in situ and invasive breast cancer incidence 
rates at 10 years after the beginning of the trial 
(~6 years after the end of the trial) were reported 
as 2.11 per 1000 in women offered screening 

and 2.09 per 1000 in control women (Table 1 in 
Shapiro, 1997), from which an overdiagnosis rate 
of 1% can be estimated, as a proportion of breast 
cancers diagnosed in unscreened women over 
the whole follow-up period. The excess number 
of incident invasive breast cancers at 10 years was 
0 (Table 5.1 in Shapiro et al., 1988). However, the 
year-by-year data on invasive breast cancer do 
not show a decrease in incident breast cancers 
in screened women from years 1–4 (screening) 
to years 5–10 (after screening); the average 
annual numbers were 62 and 61, respectively. 
Instead, there was an increase in incident cases 
in the control group; the corresponding annual 
average numbers were 55 and 66, respectively. 
[Therefore, there may have been a period of 
“catch-up” screening in the control group after 
trial screening ended, which would bias the esti-
mate of overdiagnosis from the Health Insurance 
Plan trial downwards.]

In updating results from the Malmö I trial, 
Zackrisson et al. (2006) reported incidence data 
separately for women aged 45–54 years and those 
aged 55–69 years at entry. However, conclusions 
on overdiagnosis could be drawn only for women 
aged 55–69  years, whose controls were never 
screened, in contrast to women aged 45–54 years, 
whose controls were offered screening after the 
end of the screening period. In women aged 
55–69 years at entry, the relative risk of in situ and 
invasive breast cancer was 1.10 (95% CI, 0.99–1.22) 
and the relative risk of invasive breast cancer 
was only 1.07 (95% CI, 0.96–1.18). Thus, 15 years 
after the trial ended the rate of overdiagnosis of 
breast cancer was 10% in women randomized 
to screening at age 55–69 years compared with 
an unscreened control group. Njor et al. (2013) 
questioned the validity of this estimate on several 
grounds. They argued that older screened women 
would not have been followed up long enough 
for the whole of the compensatory drop to have 
occurred, with resulting upward bias in the over-
diagnosis estimate. In addition, since mammog-
raphy screening was available outside of the 



IARC HANDBOOKS OF CANCER PREVENTION – 15

258

screening trial for the whole period, women 
in the screening arm would have continued 
to participate in screening after the end of the 
trial, which would also have biased the overdi-
agnosis estimate upwards. They presented data 
[percentages calculated by the Working Group 
from data in Table 1 in Njor et al. (2013)] showing 
that 20% of cancers diagnosed in all screened 
women (34% of cancers in the youngest women) 
in the 10 years after trial screening ended were 
asymptomatic, i.e. probably screen-detected. 
[The Working Group considered both the over-
diagnosis estimates of Zackrisson et al. (2006) 
and the updated estimates of Njor et al. (2013) 
difficult to interpret.]

At the end of the Two-County trial, in 1985, 
cumulative in situ and invasive breast cancer 
incidence rates were 18.50 per 1000 in women 
offered screening and 18.61 per 1000 in control 
women, and the excess breast cancer incidence 
in screened women relative to that in control 
women was −0.06% (Duffy et al., 2003b). [The 
numbers of breast cancers contributing to these 
rates are stated elsewhere to have been those at 
the end of 1992 (Tabár et al., 1995).] In 2012, 
cumulative breast cancer incidence numbers 
every 5  years from the start of the trial until 
29  years later were published for the Dalarna 
(formerly Kopparberg) County component of the 
trial (Yen et al., 2012). Screening of the control 
group began after an average of three screens of 
women in the screened group, 6–8  years after 
the start. The relative cumulative risk of breast 
cancer in the screened group was 1.34 (95% CI, 
1.13–1.59) at 5 years after the start, 1.03 (95% CI, 
0.91–1.16) at 10 years, 1.04 (95% CI, 0.94–1.15) at 
15 years, 1.06 (95% CI, 0.97–1.16) at 20 years, 1.02 
(95% CI, 0.94–1.11) at 25 years, and 1.00 (95% CI, 
0.92–1.08) at 29  years. The authors concluded 
that “there was no overdiagnosis associated with 
the additional 3 screens of the [screened group] 
in the first 8  years of observation.” [Because 
screening of the control group began after the end 
of scheduled screening in the screened group and 

continued in that group also, it is not possible to 
make an estimate of the extent of overdiagnosis 
caused by the screens in this trial.]

Incidence data from the Edinburgh trial have 
been reported to 10  years, 3  years beyond the 
end of the intervention period (Alexander et al., 
1994, 1999). Organized service screening began 
in Scotland in 1988; women in the screening 
arm of the trial received their first invitation to 
service screening about 3  years after their last 
trial screen (year 7). Although it is not stated, it 
is assumed that women in the control arm could 
have begun service screening in 1988 if they were 
then aged 50–64 years, the target age group for 
service screening. Cumulative in situ and inva-
sive breast cancer incidence rates to 10  years 
were 22.4 per 10 000 in women randomized to 
screening and 20.0 per 10 000 in control women 
(Alexander et al., 1994), from which an overdiag-
nosis rate of 12% can be estimated, as a propor-
tion of cancers diagnosed in unscreened women 
over the whole follow-up period. There were 57% 
fewer incident breast cancers in screened women 
than in control women during the 3  years of 
post-screening follow-up, consistent with a 
substantial compensatory drop (Alexander et al., 
1994). [It is doubtful whether 3 years after the end 
of screening in the trial would have been suffi-
cient for the compensatory drop to have been 
completed.]

For the CNBSS trials, initiated in 1980, the 
period of screening was the first 5  years after 
randomization, and the follow-up period was 
20–25  years after randomization (Miller et al., 
2014a). Screening was provided in the interven-
tion groups for four or five annual screening 
rounds. The subsequent history of screening in 
the intervention and control groups after the 
end of trial screening was not reported. In the 
first 5 years, the cumulative incidence of invasive 
breast cancer in the group offered mammography 
relative to that in the control group was 1.27 (95% 
CI, 1.13–1.42), with an excess of cancers in the 
screened group of 142. After 10 years of follow-up, 
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it was 1.09 (95% CI, 1.01–1.18), and after 25 years 
it was 1.04 (95% CI, 0.99–1.08) [relative risks 
and confidence intervals estimated from data 
in Table 1 in Miller et al. (2014a)]. The excess of 
breast cancer in the group offered mammog-
raphy became constant at 106 cancers 15 years 
after enrolment (i.e. 10  years after the end of 
screening). This excess was 22% of all screen-de-
tected invasive cancers in the trial (484). Miller 
(2014) reported that if in situ cancers are included 
in these estimates, the proportion of screen-de-
tected cancers that were overdiagnosed increases 
to 35%. [There is a potential contribution of CBE 
to overdiagnosis in the CNBSS 2 trial, which has 
not been assessed. Women in both arms of the 
trial could have joined service mammography 
screening between 1988 and 1998, when organ-
ized screening services were rolled out across 
Canada, and opportunistic screening could also 
have occurred. Therefore, the excess cancers in 
the intervention arm may not be attributable 
exclusively to the screen-detection in the trials. 
Correspondingly, accrual of cases in the control 
arm may also have been inflated by screening. 
The resulting potential for bias makes the overdi-
agnosis estimate from the CNBSS trials difficult 
to interpret.]

The Stockholm trial offered two rounds 
of mammography screening at an interval of 
about 2.5 years to 40 318 women, beginning in 
1981 and ending in 1985. In 1986, one round 
of screening was offered to the 19  343 control 
women, and recording of incident breast cancers 
in both groups ceased at the end of 1986. At the 
end of 1985, 371 cancers, both in situ and inva-
sive, had been diagnosed in women randomized 
to screening, and 257 in control women (adjusted 
to the size of the population randomized to 
screening; Frisell et al., 1991), a 44% excess of 
breast cancer in screened women relative to that 
in control women. At the end of 1986, 428 cancers 
had accumulated in women offered screening, 
and 217 in control women (Frisell et al., 1997) 
(439 when adjusted as described above; Frisell 

et al., 1991). [Lack of follow-up for incident 
breast cancers after the end of the trial period 
prevents any estimate of overdiagnosis from the 
Stockholm trial.]

At the end of the Gothenburg trial, both 
groups were invited to service screening. 
Incidence of breast cancer (DCIS and invasive) 
was ascertained until the end of 1996, about 
8 years after the end of the trial, and also at the 
end of the screening phase, which included the 
first service screening round for control women 
aged 50–69  years. There was a clear excess of 
breast cancers 4 years after the start of the trial 
in women randomized to screening (Fig.  2 in 
Bjurstam et al., 2003), but there was no excess 
at the end of the screening phase (excess over 
control group, −6.0%) or at the end of follow-up, 
8 years after the end of the trial (−6.6%, invasive 
cancer only) [estimates based on data in Table 1 
and text in Bjurstam et al. (2003)]. [No expla-
nation has been offered by the authors for this 
paradoxically lower incidence of breast cancer in 
the control group than in the screened group.]

(d) Frequency of mammography screening

Only one trial provided informative data 
about the effects of varying screening frequency. 
The effect of annual versus 3-yearly mammog-
raphy screening in increasing the likelihood of 
an improved outcome was tested in one trial 
(Breast Screening Frequency Trial Group, 2002). 
The measured outcomes included tumour size, 
nodal status, and histological grade of invasive 
tumours. These data were incorporated into 
two models to predict breast cancer mortality. 
Although the tumours diagnosed in women in 
the study arm were significantly smaller than 
those in women in the control arm, there was no 
difference in terms of nodal status or histolog-
ical grade. The relative risks of predicted deaths 
from breast cancer for annual versus 3-yearly 
screening were 0.95 (95% CI, 0.83–1.07) and 0.89 
(95% CI, 0.77–1.03) in the two models.
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In most of the randomized screening trials, 
a 1–2-year screening interval was used. In the 
Two-County trial, a 24-month interval was used 
for women aged 40–49  years and a 33-month 
interval for those aged 50–74  years. [Given the 
different designs of these trials, it is not possible 
to derive estimates of the comparative efficacy 
of screening by different intervals by comparing 
their results.]

(e) Digital mammography

No trials of digital mammography with breast 
cancer mortality as the end-point have so far been 
reported. Trials that had breast cancer detection 
as the end-point are discussed in Section 2.1.3.

4.3 Clinical breast examination

4.3.1 Randomized clinical trials

Comparisons of the efficacy of CBE versus 
no screening come from three randomized 
studies (Pisani et al., 2006; Mittra et al., 2010; 
Sankaranarayanan et al., 2011). One of them 
closed after the first round of intervention, due 
to poor compliance (Pisani et al., 2006), and 
the other two have not yet reported their results 
on breast cancer mortality (Mittra et al., 2010; 
Sankaranarayanan et al., 2011).

(a) CBE versus no screening

See Table 4.6.

(i) Mumbai study
The Mumbai study (Mittra et al., 2010) is 

a cluster RCT that was initiated in 1998 by 
investigators from the Tata Memorial Hospital, 
Mumbai, India. Approximately 150 000 women 
underwent CBE at 24-month intervals, followed 
by 8 years of active monitoring for breast cancer 
incidence and mortality in the screening arm and 
one round of health education at entry, followed 
by active monitoring for self-reported cases and 
deaths from breast cancer in the control arm. The 

screening positivity rates for CBE were 0.46%, 
0.77%, and 0.94% for the first, second, and third 
rounds of screening, respectively. Compliance 
rates for diagnostic confirmation ranged from 
68% for the first round to 78% for the third 
round. Cancers were confirmed by histology in 
about 0.04% of women who underwent CBE. The 
mean age at detection was 49.8 years for both the 
screen-detected breast cancer cases and women 
in the control group.

During the corresponding period, in the 
control arm, there were 18 symptomatic referrals 
with 3 histologically confirmed cases at the first 
round, 61 symptomatic referrals with 39 histo-
logically confirmed cases at the second round, 
and 76 symptomatic referrals with 45 histologi-
cally confirmed cases at the third round. Cohen’s 
kappa for the agreement rates for CBE between 
the expert and the primary health workers was 
0.849. In the screening arm, during the first, 
second, and third screening rounds, respectively, 
21, 15, and 12 breast cancers were detected at 
early stages (stages 0, I, and II), 9, 7, and 9 cases 
were detected at advanced stages (stages III and 
IV), and for 2, 2, and 4 cases, staging information 
was unavailable. In the screening arm overall, 
[62.4% (78/125)] cancers were diagnosed at early 
stages and [25.6% (32/125)] at advanced stages, 
whereas in the control arm, [43.7%] were diag-
nosed at early stages and [42.5%] at advanced 
stages. The shift to a lower stage in the screening 
arm compared with the control arm was statis-
tically significant (P  =  0.0082; RR, 1.45; 95% 
CI, 1.09–1.93) (Table 4.6). The results on breast 
cancer mortality are awaited.

(ii) Trivandrum study
The Trivandrum cluster randomized study 

(Sankaranarayanan et al., 2011) began in 2006 in 
the Trivandrum District of Kerala, India, to eval-
uate whether three rounds of 3-yearly CBE would 
reduce advanced disease incidence rates and 
breast cancer mortality rates. A total of 115 652 
healthy women aged 30–69 years in 275 electoral 
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wards (clusters) were randomly allocated to the 
intervention group (CBE) or the control group 
(no screening). An intention-to-treat analysis 
was performed for comparison of incidence rates 
between the two groups. Preliminary results for 
incidence are based on follow-up until 2009, 
when the first round of screening was completed. 
Among the 2880 CBE-positive women, 1767 were 
judged to have a palpable lump and the remaining 
1113 to have other abnormalities. The sensitivity 
was 51.7%, and the specificity was 94.3%. Among 
the intervention and control groups, 80 and 63 
women, respectively, were diagnosed with breast 
cancer. The percentage of early-stage (stage IIA 
or lower) breast cancer was 43.8% (95% CI, 
32.9–54.6%) in the intervention group versus 
25.4% (95% CI, 14.6–36.1%) in the control group 
(P = 0.023), and the percentage of advanced-stage 
(stage IIB or higher) breast cancer was 45.0% 
(95% CI, 34.1–55.9%) in the intervention group 
versus 68.3% (95% CI, 56.8–79.7%) in the control 
group (P = 0.005). This indicates a shift to a lower 
stage of cancers in the CBE arm.

(iii) Philippines study
The randomized trial in the Philippines 

(Pisani et al., 2006) began in 1995. Women aged 
35–64 years from urban Manila were random-
ized to five annual CBEs (carried out by trained 
nurses or midwives) or no screening. The first 
round of CBE took place in 1996–1997 (over 
24 months) and included 151 168 women, who 
were also instructed in the technique of BSE; 8% 
of these women refused CBE. Of those exam-
ined, 2.5% had palpable lesions and were referred 
for investigation; of these, 1293 (37.2%) received 
further investigation. Complete diagnostic 
follow-up was achieved for only 1220 women 
(35% of those who were positive on screening); 
42.4% refused further investigation, even with 
a home visit, and 22.6% were lost to follow-up. 
The sensitivity of annual CBE was 53.2%, and 
the positive predictive value (PPV) was 1.2%. In 
the control arm, 17% of the cases presented with 
advanced disease. Because of the poor compli-
ance with follow-up of screen-positive women, 
even with home visits, the active intervention 

Table 4.6 Randomized controlled studies of clinical breast examination: performance 
characteristics and tumour detection

Study 
Reference

Age 
range

Performance Cancers in 
screening 
arma

No./% of tumours, by stageb

Sensitivity Specificity Screen-
detected 
cancers

Interval 
cancers

Screened group Control group

Mumbai study 
Mittra et al. (2010)

35–64 57.4% 91.9% 73 (81) 37 (44) Early lesion, 78 
Advanced lesion, 
32

Early lesion, 38 
Advanced 
lesion, 37

Trivandrum study 
Sankaranarayanan 
et al. (2011)

30–69 51.7% 94.3% 80 28 Early lesion, 43.8% 
Advanced lesion, 
45.0%

Early lesion, 
25.4% 
Advanced 
lesion, 68.3%

Philippines study 
Pisani et al. (2006)

35–64 53.2% 100% 68 NA [17% more 
advanced lesions 
in control group]

a  Number of tumours with available staging (total number of tumours).
b  Early lesion included tumour size < 5 cm (T1 and T2), and advanced lesion included T3 and T4.
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was discontinued after the first screening round 
was completed, in December 1997.

All three studies evaluating CBE versus no 
screening showed a shift to a lower stage of the 
tumours detected.

(b) Mammography plus CBE versus no 
screening

Table  4.7 and Table  4.8 present the study 
characteristics and the outcome, respectively, of 
RCTs and other studies evaluating the efficacy 
of mammography plus CBE compared with no 
screening or compared with CBE alone.

(i) Health Insurance Plan trial
The Health Insurance Plan trial was the first 

RCT of breast cancer screening and was designed 
to assess the role of screening in reducing 
mortality from breast cancer, using mammog-
raphy and CBE performed by trained surgeons. 
Approximately 61 000 women aged 40–64 years 
were included in the study (Shapiro et al., 1971). 
The results after 18 years from entry reported a 
relative risk for death from breast cancer of 0.77 
(95% CI, 0.61–0.97). The proportion of cases 
detected with mammography was low, especially 
in younger women; also, the benefit appeared to 
be more due to the earlier detection of advanced 
rather than early disease (Shapiro, 1994; Miller, 
2004). [The individual contribution of each inter-
vention remained ambiguous.] The contribution 
of CBE in the detection of breast cancer was 67% 
(Table 4.8).

(ii) Edinburgh trial
The Edinburgh randomized trial of breast 

cancer screening (Alexander et al., 1994; 
Alexander, 1997) recruited 44 288 women aged 
45–64  years into the initial cohort of the trial 
during 1978–1981. A total of 22  944 women 
were randomized into the study group and were 
offered screening for 7  years; the remaining 
women constituted the control group. After 
10 years, breast cancer mortality was 21% lower 

in the study group than in the control group (not 
statistically significant) in women older than 
50 years. The relative risk of death from breast 
cancer in all women was 0.82 (95% CI, 0.61–1.11). 
The contribution of CBE in the detection of breast 
cancer was 74% (Table 4.8).

(c) Mammography plus CBE versus CBE alone

The CNBSS 2 trial (Miller et al., 1992a, b; 
Barton et al., 1999) compared annual CBE plus 
mammography versus CBE in a randomized 
setting (Table 4.7 and Table 4.8). Mammography 
plus CBE detected more node-negative and 
small breast cancers compared with screening 
with CBE alone, but there was no impact on 
breast cancer mortality. Mammography showed 
no added value to CBE, with a relative risk of 0.97 
(95% CI, 0.62–1.52). [The Working Group noted 
that this study does not allow an evaluation of 
the efficacy of CBE in reducing breast cancer 
mortality.]

4.3.2 Nested case–control study

The DOM project, a population-based, 
non-randomized breast cancer screening 
programme with physical examination and 
xeromammography, was started in 1974 in the 
city of Utrecht, The Netherlands (Table  4.7). A 
total of 116 cases of breast cancer were detected 
with screening, of which 55.6% were detected 
with mammography alone, 9.7% with CBE alone, 
and 34.6% with combined-modality screening 
(De Waard et al., 1984). A protective effect of 
screening against breast cancer mortality was 
found in a nested case–control study after 8 years 
of follow-up (odds ratio [OR], 0.30; 95% CI, 
0.13–0.70) (Collette et al., 1984), which decreased 
after 14 years of follow-up (Collette et al., 1992). 
Analysis within different age subgroups showed 
the effect to be more pronounced for older 
women (OR, 0.38; 95% CI, 0.18–0.83) than for 
younger women (OR, 0.91; 95% CI, 0.39–2.13) 
(Collette et al., 1992).



Breast cancer screening

263

Table 4.7 Characteristics of studies evaluating combined mammography and clinical breast examination

Study, country 
References

Design Years of 
recruitment

CBE 
examiners

Age at 
entry 
(years)

No. of women Screening modality 
(intervention vs control)

Intervention Control

Randomized controlled trials
Health Insurance Plan trial, USA 
Shapiro et al. (1988)

Randomized 1963–1966 Surgeons 40–64 30 131 30 565 CBE annually + 
mammography annually 
vs none

Edinburgh trial, United Kingdom 
Alexander et al. (1994)

Cluster 
randomized

1979–1988 Physicians, 
nurses

45–64 22 944 21 344 CBE annually + 
mammography every 
2 years vs none

CNBSS 1 trial, Canada 
Miller et al. (1992a)

Randomized 1980–1988 Nurses 40–49 25 214 25 216 CBE annually + 
mammography annually vs 
CBE at entry

CNBSS 2 trial, Canada 
Miller et al. (1992b)

Randomized 1980–1985 Nurses 50–59 19 711 19 694 CBE annually + 
mammography annually vs 
CBE annually

Nested case–control study
DOM study, Netherlands 
Collette (1985), Collette et al. (1992)

Nested case–
control

1974–1981 Medical 
assistants

50–64 14 796 
invited: 
54 cases, 162 
controls

– CBE annually; 
mammography annually

Observational studies
Breast Cancer Detection 
Demonstration Project 
Baker (1982), Morrison et al. (1988)

Prospective 1973–1981 Nurses 35–74a 283 222a – CBE + mammography + 
thermographyb annually

West London study, United 
Kingdom 
Chamberlain et al. (1979)

Prospective 1973–1977 Nurses, then 
doctors

> 40 2484 – CBE + mammography at 0, 
6, 12, and 24 months

United Kingdom Trial of Early 
Detection of Breast Cancer 
Moss et al. (1993), UK Trial of Early 
Detection of Breast Cancer Group 
(1993)

Prospective, non-
randomized

1979–1988 Physicians, 
nurses

45–64 45 956 127 109 CBE annually + 
mammography every 
2 years vs none

Data analysis from the National 
Breast and Cervical Cancer Early 
Detection Programme 
Bobo et al. (2000)

Prospective 1995–1998 Doctors c 564 708 – CBE annually; 
mammography annually
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Study, country 
References

Design Years of 
recruitment

CBE 
examiners

Age at 
entry 
(years)

No. of women Screening modality 
(intervention vs control)

Intervention Control

Data analysis of four Canadian 
breast cancer screening 
programmes 
Bancej et al. (2003)

Prospective 1996–1998 Nurses, 
technologists

50–69 300 303 – CBE and mammography in 
alternate years

Breast Cancer Screening 
Programme at Group Health 
Cooperative of Puget Sound 
Oestreicher et al. (2005)

Prospective 1996–2000 Nurses ≥ 40 61 688 – CBE and mammography 
every 1–2 years based on 
breast cancer risk factors

Well Women Clinics, opportunistic 
breast screening in Hong Kong 
Special Administrative Region, 
China 
Lui et al. (2007)

Prospective 1998–2002 Doctors ≥ 40 29 028 – CBE + mammography 
every 2 years 
(188 women aged 35–
39 years also screened 
based on family history)

Breast care centre, Hong Kong 
Sanatorium and Hospital, Hong 
Kong Special Administrative 
Region, China 
Kwong et al. (2008)

Prospective 1999–2006 Family 
physicians

c 11 408 – BSE training; CBE; 
mammography

Breast screening comparative study 
in Chengdu, China 
Huang et al. (2012)

Prospective 2009–2011 Breast surgeon 25–80 3 028 – CBE, mammography, and 
ultrasonography annually 
(2 rounds)

a  99.4% of screenees were aged 35–74 years at entry, although any woman seeking screening could participate. At least 283 222 women had been screened as of September 1981.
b  CBE, mammography, and thermography were used from the start of the project until 1977, when thermography was dropped and mammography was restricted to women aged 50 
years and older and women at high risk who were younger than 50 years.
c  The age range of women who were offered breast screening is not specified. However, some data are presented for women aged ≤ 40 years and for those aged ≥ 65 years.
BSE, breast self-examination; CBE, clinical breast examination; CNBSS, Canadian National Breast Screening Study.

Table 4.7   (continued)
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4.3.3 Observational studies

See Table 4.7.
After the success of the Health Insurance Plan 

trial, several population-based implementation 
projects and case–control studies evaluated the 
role of CBE plus mammography for the detection 
of breast cancer.

In the USA, the Breast Cancer Detection 
Demonstration Project was initiated by the 
American Cancer Society and the National 
Cancer Institute in 1973 (Beahrs & Smart, 1979; 
Baker, 1982; Morrison et al., 1988). After 5 years 
of follow-up, 3557 cases of breast cancer had been 
diagnosed in the screened group, of which 41.6% 
were detected with mammography alone, 8.7% 
with CBE alone, and the remainder with both 
modalities. There was a slight shift to a lower 
stage; less than 20% of women were diagnosed 

node-positive, compared with 24% nodal posi-
tivity in interval cancers. [Although the Breast 
Cancer Detection Demonstration Project shows 
benefit with population-based screening using 
two modalities and an incremental benefit 
obtained with CBE, it does not provide effec-
tive evidence for the efficacy of CBE in the 
population.]

The West London study, aiming to screen 
women older than 40 years in Ealing, London, 
United Kingdom, began in 1973. Initial screening 
consisted of two independent CBEs, one by a 
nurse and one by a doctor, and mammography. 
Repeat screening was offered after 6, 12, and 
24  months to women who had not been diag-
nosed with breast cancer. Over 3  years, 2484 
women were screened, and 83%, 65%, and 53% 
had repeated screens at 6, 12, and 24  months, 
respectively. Overall, 34 breast cancers were 

Table 4.8 Outcome of studies of combined mammography and clinical breast examination

Study, country 
References

No. of 
rounds

Duration of 
follow-up 
(years)

Mortality 
reduction, RR 
(95% CI)

No. of cancers detected

Total CBE only 
No. (%)

Randomized controlled trials
Health Insurance Plan trial, USA 
Shapiro et al. (1988), Barton et al. (1999)

4 18 0.77 (0.61–0.97) 132 59 (45%)

Edinburgh trial, United Kingdom 
Alexander et al. (1994), Barton et al. (1999)

7 10 0.82 (0.61–1.11) 88 3 (3%)a

CNBSS 1 trial, Canadab 
Miller et al. (1992a), Barton et al. (1999)

5 7 0.86 (0.73–1.01) 255 61 (24%)

CNBSS 2 trial, Canadac 
Miller et al. (1992b), Barton et al. (1999)

5 7 0.29 (0.14–0.62) 325 39 (12%)

Nested case–control study
DOM study, Netherlands 
Collette (1985), Collette et al. (1992)

4 14 0.52 (0.32–0.83)d 116e (9.7%)e

Observational study
United Kingdom Trial of Early Detection 
of Breast Cancer 
UK Trial of Early Detection of Breast 
Cancer Group (1993), Barton et al. (1999)

7 10 0.73 (0.63–0.84) 432 24 (6%)

a  Results based only on data from first round screening.
b  Mammography + CBE vs CBE at entry.
c  Mammography + CBE vs CBE annually.
d  Odds ratio estimated after adjusting for confounding and extending follow-up to 14 years.
e  Values for the entire cohort.
CBE, clinical breast examination; CI, confidence interval; CNBSS, Canadian National Breast Screening Study; RR, relative risk.
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detected, of which 5 were interval cancers. Of the 
29 cases detected by screening, 80% were at an 
early stage; 10 (29%) of them were detected with 
mammography alone, 9 with CBE alone (27%), 
and 10 with both modalities (Chamberlain et al., 
1979).

A multicentre project to assess the effect 
of breast cancer screening with mammog-
raphy, CBE, and BSE on mortality was started 
in 1979 by the UK Trial of Early Detection of 
Breast Cancer Group (1988). The sensitivity of 
combined-modality screening (mammography 
plus CBE) was 92% (197/213) and 91% (235/259) 
for the Edinburgh and Guildford screening 
centres, respectively, whereas the sensitivity of 
CBE screening alone was estimated to be 64% 
(74/115) for both centres; the incremental detec-
tion of CBE over mammography was estimated 
as 8% (Moss et al., 1993). In the 16-year update 
on mortality (UK Trial of Early Detection of 
Breast Cancer Group, 1999), in the cohort offered 
combined-modality breast cancer screening, 
breast cancer mortality was 27% lower than in 
the national population (rate ratio, 0.73; 95% CI, 
0.63–0.84). [The Working Group noted that this 
result could be due to a healthy volunteer effect 
rather than to reduced mortality from screening.]

In the USA, the National Breast and Cervical 
Cancer Early Detection Program was started 
to provide screening to poor and uninsured 
women in a community setting, using combined 
CBE and mammography (Bobo et al., 2000). Of 
752 081 CBEs performed, 6.9% were abnormal. A 
total of 2852 invasive and 928 in situ cancers were 
diagnosed; the diagnostic yield was 5 cancers 
per 1000 CBEs. Across all ages, the sensitivity, 
specificity, and PPV of CBE were 58.8%, 93.4%, 
and 4.3% respectively, based on 1-year survival 
(consistent with results from most RCTs). About 
5.1% of cancers were detected with CBE but not 
with mammography. [The Working Group noted 
that the CBE practices varied across medical 
centres (Bobo & Lee, 2000); however, it was felt 

that this study provides a real-world outcome of 
implementing CBE as a screening procedure.]

Bancej et al. (2003) analysed the contribution 
of CBE in four Canadian organized breast cancer 
screening programmes. CBE detected 45% of 
cancers in the first screen, and of these, 11% 
were detected with CBE alone. In rescreening, 
CBE detected 39% of cancers, and of these, 16% 
were detected with CBE alone. Without CBE, 
the programmes would have missed 3 cancers 
for every 10 000 screens and 3–10 small invasive 
cancers for every 100  000 screens. The PPV of 
CBE was 0.9–1.1%.

Oestreicher et al. (2005) prospectively 
followed 61  688 women aged 40  years and 
older who were enrolled in the Breast Cancer 
Screening Program at Group Health Cooperative 
of Puget Sound, in Seattle, USA, and under-
went at least one screening examination with 
mammography and/or CBE in 1996–2000. The 
sensitivity of mammography was 78% and that 
of combined mammography and CBE was 82%, 
showing an incremental value of CBE in addi-
tion to mammography of 4% (Oestreicher et al., 
2005). CBE generally added incrementally more 
to sensitivity among women with dense breasts.

The effect of breast cancer screening using 
CBE and mammography has also been evalu-
ated more recently in several settings in Asia. 
The Well Women Clinics in Hong Kong Special 
Administrative Region, China, offered breast 
cancer screening with CBE and mammography 
to women older than 40  years (and to women 
aged 35–40 years with a family history of breast 
cancer) in Hong Kong Special Administrative 
Region every 2  years. In 1998–2002, 29  028 
women were screened, and breast cancer was 
detected in 232 of them; 83 (36%) cancers were 
detected with CBE, and 15 of them (6.5% of 
all detected cancers) were not detected with 
mammography (Lui et al., 2007). Another breast 
cancer service was set up at the Hong Kong 
Sanatorium and Hospital in 1999. Over 8 years, 
11 408 asymptomatic women were screened with 
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CBE and mammography and were given instruc-
tions on how to perform BSE. A total of 26 breast 
cancers were diagnosed; 8 of them (31%) were 
detected with CBE alone (Kwong et al., 2008).

A screening study to compare CBE, mammog-
raphy, and ultrasonography was carried out in 
Chengdu, China, in 2009–2011. Among 3028 
women aged 25  years and older who were 
screened with the three techniques, 33 breast 
cancers were identified after an average follow-up 
of 1.3 years; 28 (85%) cancers were detected with 
mammography, 22 (67%) with CBE, and 24 (73%) 
with ultrasonography. No cases were detected 
with CBE that were not detected with mammog-
raphy, whereas three cancers were detected with 
ultrasonography that were not detected with the 
other two methods (Huang et al., 2012).

4.4 Breast self-examination

4.4.1 Randomized trials

Two randomized trials of BSE with breast 
cancer mortality as the primary end-point have 
been conducted.

(a) St Petersburg trial

The first randomized trial began in Moscow 
and St Petersburg, Russian Federation, in 1985. 
Results on deaths from breast cancer have been 
reported only from the St Petersburg portion of 
the study (Semiglazov et al., 1999a, b, 2003). In 
that city, women aged 40–64 years who received 
medical care at 18 polyclinics and 10 large indus-
trial businesses with health care services were 
eligible to participate. Nine polyclinics and five 
businesses were randomly selected as interven-
tion facilities, and the remainder were control 
facilities. Women who received medical care at 
the intervention facilities were invited to partici-
pate in the trial. Medical personnel in the clinics 
examined each woman’s breasts, and then the 
women were given detailed BSE instruction in 
groups of 5–20 women. Each woman was given 

a calendar to serve as a reminder to practise BSE 
monthly and to record the dates of her BSEs. All 
women were also asked to return annually for 
reinforcement sessions. Women in the control 
clinics received CBE at entry into the trial and at 
annual clinic visits, so this was a trial of the addi-
tional benefit of BSE in reducing breast cancer 
mortality in women screened by annual CBE.

The results are summarized in Table  4.9. 
Approximately 60 000 women were enrolled in 
each arm of the study (the exact numbers vary 
in different reports). Significantly more women 
in the instruction group than in the control 
group were referred for evaluation of a breast 
lump (P  <  0.05), and more were found to have 
a benign lesion. Somewhat more women in the 
instruction group than in the control group were 
also diagnosed with breast cancer, but the differ-
ence could be due to chance (P > 0.05), and the 
malignant tumours in the two groups of women 
did not differ appreciably in size or percentage 
with axillary node involvement, suggesting that 
BSE instruction did not result in breast cancer 
diagnosis at an earlier, less-advanced stage 
than would be expected in the absence of BSE 
instruction. Although survival after diagnosis 
was somewhat more favourable for cases in the 
instruction group than those in the control group 
(65% vs 55% at 9 years; relative survival, 0.77 in 
log-rank test; 53.9% vs 45.3% at 15 years based on 
70–75% follow-up), the difference was not statis-
tically significant (P > 0.05). After approximately 
10 years of follow-up, almost equal percentages 
of women in the two groups had died of breast 
cancer.

[In addition to the possibility that BSE would 
not be efficacious under any circumstances, there 
are three possible explanations for the results of 
this study. One is poor compliance with the BSE 
instruction. Based on a sample of the participants 
1  year after BSE training, 82% of the women 
interviewed reported practising BSE more than 
5 times per year, and 53% reported monthly BSE 
practice. However, by year 4, these percentages 
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had dropped to 52% and 18%, respectively. 
After a re-education programme in 1994, these 
percentages increased to 76% and 32%, respec-
tively, 8 years after the trial was initiated. Also 
in 1994, medical personnel observed a random 
sample of about 400 women practising BSE and 
recorded their proficiency. Although the reported 
frequency of correctly practising various aspects 
of BSE was high, there is no evidence that these 
observations accurately reflect the routine prac-
tice of BSE outside of the clinic setting by all of 
the women in the instruction group. A second 
possible reason for the results is that BSE is 
not effective in reducing mortality from breast 
cancer in women who are also screened by CBE. 
A third possible explanation is that women in 
both groups had easy access to medical care at 
the polyclinics, and women in the control group 
tended to present with tumours that were small 
and at an early stage. Of women in the control 
group, 17.4% presented with tumours less than 
2 cm in diameter, and 46.4% with tumours that 
had not spread to the axillary lymph nodes.]

(b) Shanghai trial

The second randomized trial was conducted 
in Shanghai, China (Thomas et al., 1997, 2002). 
In 1989–1991, more than 266  000 women 
aged 30–64  years who were current or retired 
employees of the Shanghai Textile Industry 

Bureau, working in 519 different factories, were 
randomized by factory to a BSE instruction 
group or a control group. Women in the instruc-
tion group received initial BSE instruction in 
groups of about 10 women and two subsequent 
reinforcement sessions, 1 year and 3 years later, 
consisting of videos and discussion groups, as 
well as multiple reminders to practise BSE. Nearly 
80% of the women attended all three sessions. In 
addition, women were asked to attend periodic 
practice sessions supervised by factory medical 
workers about every 6  months for 4–5  years. 
During the first year of the study, 92% of the 
women attended these sessions; this percentage 
gradually declined to 74% in the fourth year 
and 49% in the fifth and last year of the inter-
vention. The women thus practised BSE under 
supervision on average once every 4–5  months 
during the first 4–5 years of the trial. The quality 
of the BSEs at these sessions was high. Women 
were encouraged to practise BSE monthly, but 
the frequency and quality of the practice outside 
of the clinic setting are unknown. No breast 
cancer screening was offered to women in the 
control group. A higher level of proficiency in 
detecting lumps in silicone breast models was 
demonstrated by randomly selected women in 
the instruction group compared with the control 
group.

Table 4.9 Results of randomized trials of breast self-examination

Characteristic St Petersburg triala Shanghai trialb

Intervention Control Intervention Control

Age range (years) 40–64 40–64 30–64 30–64
No. of women 57 712 64 759 1 329 769 133 085
No. (%) referred for evaluation/
benign breast lesionsc

4300 (7.5%) 2438 (3.8%) 2387 (1.8%) 1296 (1.0%)

No. (%) with breast cancerd 493 (0.9%) 446 (0.7%) 864 (0.7%) 896 (0.7%)
No. (%) of deaths from breast cancer 157 (0.27%) 167 (0.26%) 135 (0.1%) 131 (0.1%)

a  From Semiglazov et al. (1999a, b).
b  From Thomas et al. (2002).
c  Number referred for further evaluation in the St Petersburg trial, and number of histologically confirmed benign lesions in the Shanghai trial.
d  After about 10 years in the St Petersburg trial and after 10–11 years in the Shanghai trial.
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The results after 10–11 years of follow-up are 
summarized in Table  4.9. More women were 
diagnosed with benign breast lesions in the 
instruction group than in the control group. 
The numbers of women with breast cancer were 
similar in the two groups. The breast cancers 
in the two groups did not differ appreciably in 
size (44.9% vs 41.6% were ≤ 2 cm in diameter) 
or stage (47.0% vs 48.3% had no axillary nodal 
involvement). Also, the numbers of deaths from 
breast cancer and the cumulative breast cancer 
mortality rates were nearly identical in the two 
groups, as were survival rates in women with 
breast cancer, both from entry into the trial and 
from date of diagnosis. Evidence was presented 
that these results cannot be readily explained by 
the absence of statistical power, insufficient dura-
tion or completeness of follow-up, failure of the 
randomization procedure to select two groups at 
equal risk of breast cancer, selective exclusions 
of women after randomization, incomplete or 
differential ascertainment of breast cancer cases 
or deaths, screening in the control group, or 
insufficient breast cancer treatment. The most 
likely reason for the absence of an effect of BSE 
instruction on breast cancer mortality in this 
study is that proficient BSE practice at least once 
every 5  months for 4–5  years did not result in 
breast cancer being diagnosed at a sufficiently 
less advanced stage of progression for appro-
priate therapy to have altered the course of 
the disease. There is suggestive evidence that 
more frequent BSE might have resulted in a 
more favourable trial result. Among women 
who attended all of the supervised BSE sessions 
and those who attended fewer than 70% of the 
sessions, the percentages with tumours that were 
less than 2 cm in diameter were 52.3% and 45.3%, 
respectively, in current workers, and 48.7% and 
44.4%, respectively, in retired women.

In summary, the results from both random-
ized controlled trials provided little evidence that 
risk of death or of advanced disease is reduced 
by BSE instruction. In both studies, the women 

in the control group had easy access to medical 
care and tended to present with relatively small 
tumours without regional lymph-node involve-
ment. The efficacy of BSE in populations in which 
women typically present with more-advanced 
tumours remains unknown.

4.4.2 Observational studies

(a) Methodological considerations

In evaluating the evidence for the efficacy of 
BSE from observational studies, several method-
ological issues must be considered.

BSE must be distinguished from breast 
awareness. BSE is a screening method used to 
attempt to detect asymptomatic breast cancer 
before it is clinically apparent (see Section 2.4 for 
technical details). Breast awareness consists of 
the education and encouragement of women to 
seek medical attention for symptomatic changes 
in their breasts that may be due to the presence 
of breast cancer (see Section 1.5.1 for additional 
details). These two concepts of breast cancer 
detection are not always clearly defined or distin-
guished (Thornton & Pillarisetti, 2008; Mark 
et al., 2014). Self-reports of BSE practice may 
include breast awareness, and some cancers that 
are reported as being detected by BSE may have 
been symptomatic cancers found by the women 
themselves through breast awareness.

There are two components to BSE compli-
ance: frequency (typically once a month) and 
proficiency; these are not consistently considered 
and reported in observational studies. In addi-
tion, there may be underreporting or misclassi-
fication of BSE practice. These reporting errors 
would lead to underestimation of the efficacy of 
BSE in cohort studies. In case–control studies, 
if the magnitudes of the reporting errors are 
different for cases and controls, spurious associa-
tions would arise. Finally, the practice of BSE may 
be related to risk factors for breast cancer, or to 
other methods of screening, and lead to spurious 
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results if the potential confounding effect of these 
associations is not taken into account.

There have been a large number of clinical 
studies of tumour size and stage at diagnosis, 
and of survival from date of diagnosis, in rela-
tion to whether the patient reported that the 
tumour was detected by BSE, and in relation 
to reported frequency of BSE practice (IARC, 
2002). In most studies, the proportion of women 
who had early-stage cancer was slightly higher in 
women who reported detecting their cancer by 
BSE than in women whose cancer was detected 
by other means (excluding mammography 
screening). However, it is not clear whether the 
women who reported detecting their tumour 
by BSE were actually practising BSE or whether 
they were women who simply reported having 
found their tumour by themselves. Among 
cases who reported a history of practising BSE, 
tumour stage was not consistently related to 
reported BSE frequency. Most studies did show 
a tendency towards slightly smaller tumour size 
in women who reported practising BSE monthly 
than in women who reported practising BSE 
less frequently, but differential reporting of 
BSE frequency by women with small and large 
tumours cannot be ruled out. Survival tended 
to be somewhat longer in women reporting a 
history of BSE practice, or who were taught BSE 
or accepted an invitation to attend a BSE instruc-
tion session, than in women not reporting any of 
these factors, but the magnitude of the differences 
varied widely among the studies, the differences 
were not consistently statistically significant, 
and enhanced lead-time or length bias sampling 
cannot be ruled out as alternative explanations 
for the observations. The results of these obser-
vational studies of intermediate end-points may 
thus all be due to bias, confounding, or chance, 
and the Working Group therefore concluded that 
they do not contribute meaningful information 
in formulating an assessment of the efficacy of 
BSE. These studies will therefore not be consid-
ered further in this review. One more-recent 

study in the USA (Tu et al., 2006) assessed BSE 
practice before the development of breast cancer, 
thus avoiding possible reporting bias, and found 
no association between the quality of BSE prac-
tice and either tumour size or stage of disease.

The two randomized trials evaluated the effi-
cacy of BSE instruction, not the actual practice 
of BSE. The evidence from observational studies 
that BSE can reduce mortality from breast cancer 
and detect interval cancers between periodic 
screenings is reviewed in this section.

(b) Cohort studies

Reports are available from three studies 
in which breast cancer mortality rates were 
compared in women who did and did not prac-
tise BSE.

Holmberg et al. (1997) calculated breast 
cancer mortality rates in a cohort of women in 
the USA who in 1959 were asked a single ques-
tion: “Many doctors recommend that women 
examine their breasts monthly. Do you do 
so?” A “yes” answer presumably indicated that 
the women practised BSE monthly, and a “no” 
answer indicated that BSE either was practised 
less frequently or was not practised. After a 
13-year follow-up period, no association was 
observed between breast cancer mortality and 
the answer to this question. [The major strengths 
of this study are its large size, long duration of 
follow-up, strong statistical power, and control 
for multiple possible confounders. However, 
the absence of any detailed information on the 
frequency or manner of BSE practice by the 
women in the study reduces the usefulness of 
the negative findings, since many of the women 
who reported practising BSE may not have done 
so adequately.]

In the Mama Program for Breast Screening 
in Finland (Gastrin et al., 1994), beginning in 
1973 women were given detailed BSE instruc-
tion in groups of 20–50 women, followed by 
periodic reminders and annual mailings of 
calendars for the women to record their BSE 
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practice. Mortality rates in the participants 
were compared with those in the general popu-
lation of Finland. The breast cancer mortality 
rate in the participants was significantly lower 
than expected (mortality rate ratio, 0.71). This 
occurred in spite of a higher incidence rate of 
breast cancer in the participants than expected 
(incidence rate ratio, 1.19). The reduced rates of 
death from breast cancer were observed in most 
age groups of women and were most pronounced 
in years 3–4 after entry into the study. However, 
mortality rates from all causes were also signif-
icantly lower by the same amount as for breast 
cancer mortality (standardized mortality ratio, 
0.70), suggesting that the participants were 
healthier than women in the general population, 
and that their lower breast cancer mortality may 
have been due to factors related to improved 
survival, other than early diagnosis resulting 
from BSE practice, that were not controlled for 
in the analysis. This contention is supported 
by the observation that the stage of disease at 
diagnosis was no different in the women in the 
study cohort than in other cases in the country. 
[There is no mention of CBE or mammography 
screening in the published report, and these 
screening methods were presumably not taken 
into account in the data analysis, although the 
frequency of their use was probably low.] A large 
majority of the women in the cohort reported 
on their calendars that they had practised BSE 
monthly. [This information was not validated 
and is therefore questionable, and proficiency of 
BSE practice was not assessed.]

As part of the United Kingdom Trial of Early 
Detection of Breast Cancer (Ellman et al., 1993; 
UK Trial of Early Detection of Breast Cancer 
Group, 1999), women in the cities of Huddersfield 
and Nottingham were invited to attend BSE 
education sessions. The sessions included a talk 
and a film demonstrating BSE. In Huddersfield, 
calendars were mailed annually, as reminders and 
as a means to record monthly BSE practice. No 
further BSE instruction was provided in either 

city. Breast cancer mortality rates in the women 
invited to the BSE training session (whether or 
not they attended) were compared with those 
in four comparison centres in which women 
received no breast cancer screening or BSE 
instruction. No overall difference in breast cancer 
mortality rates was observed between the women 
in the two BSE instruction centres combined and 
the women in the four comparison centres (rate 
ratio, 0.99; 95% CI, 0.87–1.12). However, the rate 
ratio in Huddersfield was significantly less than 
1 (0.79; 95% CI, 0.65–0.96) and was similar to 
that observed in the Mama Program for Breast 
Screening in Finland; at the Huddersfield centre, 
as in the programme in Finland, calendars were 
mailed annually, suggesting that the difference 
could be due to more intensive BSE practice in 
Huddersfield than in Nottingham (rate ratio, 1.09; 
95% CI, 0.95–1.26). In addition, more women in 
Huddersfield than in Nottingham also received 
breast-conserving surgery, chemotherapy, and 
tamoxifen, whereas participation rates in the BSE 
instruction sessions were higher in Nottingham 
than in Huddersfield, suggesting that differences 
in treatment or other factors could explain the 
discrepant results. No information on compli-
ance was reported.

In summary, although the cohort studies in 
Finland and the United Kingdom (Huddersfield 
component) showed that BSE instruction with 
periodic reminders was associated with a small 
reduction in breast cancer mortality, it is more 
likely that these observations are due to factors 
unrelated to BSE practice. No reliable informa-
tion on compliance was provided for any of the 
studies. In the study in the USA, BSE practice 
was defined by a single question, and in the 
studies in Finland and the United Kingdom, BSE 
instruction was given in a single session with no 
reinforcement sessions. It is therefore reasonable 
to assume that the frequency and proficiency 
of BSE practice by the women in these three 
studies was lower than those in the two random-
ized trials, which provided more intensive BSE 
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instruction and encouragement to practise, and 
that the results provide no information on the 
efficacy of BSE in women who practise BSE regu-
larly and competently.

(c) Case–control studies

Two case–control studies that were nested 
in prospective studies, and thus did not rely on 
self-reported BSE practice, have been conducted.

Locker et al. (1989) performed a case–control 
analysis of data from women invited to enrol in 
the United Kingdom Trial of Early Detection of 
Breast Cancer in Nottingham. Of 180 women 
who died of breast cancer more than 3 months 
after invitation, 68 (37.8%) had attended the BSE 
instruction class, compared with 258 (42.8%) 
of 603 age-matched control women at the 
Nottingham centre, for an estimated relative risk 
of 0.70 (95% CI, 0.50–0.97). The comparable rela-
tive risk estimate in premenopausal women was 
0.85 (95% CI, 0.45–1.60) and in postmenopausal 
women was 0.66 (95% CI, 0.45–0.97). [These esti-
mates were not controlled for factors other than 
age that may have been associated with a deci-
sion to attend the BSE instruction class, or for 
treatment or other factors that could influence 
survival.]

Harvey et al. (1997) conducted a case–control 
study nested within the CNBSS. Answers to ques-
tions about frequency of BSE obtained before 
enrolment in the trial and during the trial and 
results of annual assessment of BSE proficiency 
were compared in 220 cases with fatal or meta-
static disease and 2200 age-matched controls 
selected from trial enrollees. All of the infor-
mation on BSE was obtained before the devel-
opment of breast cancer in the cases. Compared 
with women who practised BSE before enrol-
ment, those who did not had a relative risk of 
fatal or advanced breast cancer of 1.27 (95% CI, 
0.96–1.68), and relative risk estimates decreased 
with increasing frequency of BSE practice before 
enrolment. The relative risk of fatal or advanced 
disease also increased slightly with decreasing 

frequency of BSE practice during the trial, but 
none of the estimates or trends were statisti-
cally significant (P > 0.05). However, there was 
a significant decrease in estimates of relative 
risk of fatal or advanced disease with increasing 
BSE proficiency as observed in clinics by trained 
examiners 2 years before diagnosis in the cases 
(Table 4.10). The level of proficiency was defined 
according to the exclusion of one, two, or three 
key elements of a proper BSE (visual inspec-
tion, use of three middle fingers, and use of 
finger pads) that were weakly associated with 
a reduction in risk. Similar but weaker trends 
in risk were observed in relation to these same 
levels of proficiency at 1 year and 3 years before 
diagnosis, but none of the relative risk estimates 
had 95% confidence limits that excluded 1.0. 
Also, other elements of BSE practice (systematic 
search, circular palpation, complete coverage of 
the breast, and examination of the axilla) were 
not associated with changes in risk estimates. 
The relative risk estimates were not found to be 
confounded by family history of breast cancer, 
age at menarche or menopause, education level, 
occupation, or the trial arm to which the woman 
was allocated.

Two additional case–control studies, which 
were conducted in the general population and 
relied on results of interviews with women to 
obtain information on BSE practice, have been 
conducted. Both included women with advanced 
disease (as a surrogate for death from breast 
cancer) as cases.

In the USA, Newcomb et al. (1991) compared 
BSE practice in 209 enrollees in a prepaid health 
plan who developed late-stage (stage III or IV) 
breast cancer during a defined period of time 
with BSE practice in 433 age-matched controls 
selected randomly from enrollees in the same 
plan. Personal interviews with the women were 
conducted in which specific questions were 
asked about various components of the recom-
mended techniques and frequency of practice. 
Both an open-ended technique and a structured 
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interview were used to classify BSE as to level 
of proficiency. The relative risk of advanced 
disease in women who ever practised BSE was 
1.15 (95% CI, 0.73–1.81), and the relative risk 
unexpectedly increased with the frequency of 
BSE practice. However, the women who prac-
tised BSE frequently were found to practise 
it with the lowest level of proficiency, and the 
relative risk of advanced disease decreased with 
increasing level of proficiency (Table 4.10). This 
trend was observed in women with all levels of 
BSE frequency. [Although the influence of the 
presence of the disease on responses could have 
biased this study, it seems unlikely that cases 
would underreport frequency of BSE practice and 
overreport proficiency during the same detailed 
interviews. The relative risk estimates were 
controlled for age and frequency of CBE. Other 
risk factors for breast cancer were considered as 

possible confounders but were found not to alter 
the values of the estimates.]

Muscat & Huncharek (1991) compared 435 
women in Connecticut, USA, with regional 
or distant breast cancer at diagnosis with 887 
control women selected by random-digit dial-
ling. Frequency of BSE practice was ascertained 
during detailed interviews as part of a larger study 
on steroid hormones and cancer. No information 
on proficiency was obtained. BSE practice at least 
once a month was reported by 27.4% of the cases 
and 20.5% of the controls. After controlling for 
family history of breast cancer, age at first birth, 
race, and frequency of mammograms, a relative 
risk of 1.27 (95% CI, 0.77–2.07) was estimated, but 
it is not clear from the report whether this esti-
mate is for women who practised BSE monthly or 
also less frequently. [As in the study by Newcomb 
et al. (1991), risk increased with the frequency of 

Table 4.10 Relative risk of death from breast cancer or of advanced disease in relation to 
proficiency of breast self-examination

Reference, country Years before diagnosis 
that assessment was 
performed

Measure of proficiency RR (95% CI)

Harvey et al. (1997), Canada 1 All 3 practices includeda 1.00 (ref)
1 practice omitted 1.52 (0.93–2.48)
2 practices omitted 1.53 (0.83–2.84)
3 practices omitted 1.40 (0.58–3.39)

2 All 3 practices includeda 1.00 (ref)
1 practice omitted 1.82 (1.00–3.29)
2 practices omitted 2.84 (1.44–5.59)
3 practices omitted 2.95 (1.19 −7.30)

3 All 3 practices includeda 1.00 (ref)
1 practice omitted 1.21 (0.65–2.28)
2 practices omitted 0.92 (0.38–2.22)
3 practices omitted 1.68 (0.59–4.76)

Newcomb et al. (1991), USA After diagnosisb High proficiencyc 0.65 (0.33–1.31) [ref]d

Moderate proficiency 1.00 (0.56–1.80) [1.53]
Low proficiency 1.33 (0.83–2.12) [2.05]
No BSE practice 1.00 (ref) [1.53]

a  Includes visual inspection, use of three middle fingers, and use of finger pads.
b  Women were asked about BSE practice 1 year before the date of diagnosis in cases or a comparable reference date in controls.
c  Proficiency based on a 10-point scoring system of items included in responses to an open-ended questionnaire.
d  Relative risks in square brackets with high proficiency as the reference category were calculated by the Working Group.
BSE, breast self-examination; ref, reference; RR, relative risk.
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BSE practice, but unlike that study, no infor-
mation on proficiency was obtained, so it is not 
known whether this trend is due to confounding 
by proficiency.]

In summary, the results from case–control 
studies provided little evidence that risk of death 
from breast cancer or of advanced disease is 
reduced by frequent practice of BSE as it is gener-
ally practised by women in North America and 
the United Kingdom. Two of the case–control 
studies provided evidence to suggest that risk of 
fatal or advanced disease could be reduced if BSE 
were practised with a high degree of proficiency. 
It can be assumed that the documented prac-
tice of BSE in the Shanghai trial was performed 
with a high degree of proficiency, because it was 
observed by health workers and was the result 
of intensive instruction over a period of several 
years; however, such practice about once every 
4–5  months for 4–5  years was insufficient to 
reduce mortality from breast cancer. The effi-
cacy of more frequent, high-proficiency BSE in 
reducing mortality remains unknown.

(d) Detection of interval cancers

The previous IARC Working Group on breast 
cancer screening (IARC, 2002) recommended 
that studies be conducted to assess the efficacy 
of BSE in detecting interval cancers between 
periodic mammography screenings. Results of 
only one such study have been published (Wilke 
et al., 2009). It involved women who were at high 
risk of breast cancer (estimated average lifetime 
risk, > 20%) and therefore probably more highly 
motivated to practise BSE than other women. A 
high-risk breast clinic at Duke University, USA, 
recruited 147 women who had a 5-year Gail-
model risk of at least 1.7% and followed them up 
for an average of 23 months (range, 6–36 months). 
Risk factors included: a previous histologically 
confirmed diagnosis of atypical hyperplasia or 
lobular carcinoma in situ or DCIS; a contralat-
eral invasive breast cancer; a BRCA1/2 mutation; 
radiation treatment for Hodgkin lymphoma 

to the chest, neck, and axilla; or one or more 
first-degree relatives with premenopausal breast 
cancer. The women were screened annually 
with mammography and magnetic resonance 
imaging (MRI). They also received 6–15 minutes 
of BSE instruction in conjunction with CBE two 
or three times a year, and their self-reported 
home practice of BSE was recorded at each of 
these sessions. Breast cancer was detected in 12 
women, 1 during initial training and 11 during 
the follow-up period. All 12 women with breast 
cancer were judged to have complied with the 
recommendations to practise BSE monthly. 
Six of the cancers were initially found by BSE 
(sensitivity, 50%), as were 18 additional masses 
that were confirmed as not being breast cancer 
(PPV, 25%). The 5 cases detected by BSE during 
the follow-up period were detected 6–11 months 
after the last annual screening.

These results suggest that BSE may be useful 
in detecting interval cancers in women at high 
risk of breast cancer who are highly motivated 
to practise BSE regularly and competently. No 
information is available to determine whether 
this would contribute to a reduction in mortality 
from breast cancer.
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This section considers measures of screening 
quality and major beneficial and harmful 
outcomes. Beneficial outcomes include reduc-
tions in deaths from breast cancer and in 
advanced-stage disease, and the main example 
of a harmful outcome is overdiagnosis of breast 
cancer. The absolute reduction in breast cancer 
mortality achieved by a particular screening 
programme is the most crucial indicator of 
a programme’s effectiveness. This may vary 
according to the risk of breast cancer death in 
the target population, the rate of participation 
in screening programmes, and the time scale 
observed (Duffy et al., 2013). The technical quality 
of the screening, in both radiographic and radio-
logical terms, also has an impact on breast cancer 
mortality. The observational analysis of breast 
cancer mortality and of a screening programme’s 
performance may be assessed against several 
process indicators. The major indicators of both 
the screening process and the clinical outcome, 
and the associated analytical methodologies, are 
described below.

5.1 Indicators for monitoring and 
evaluating effectiveness

5.1.1 Performance indicators

As a general principle, the most important 
indicator of the effectiveness of a screening 
programme is its effect on breast cancer mortality. 

Nevertheless, the performance of a screening 
programme should be monitored to identify and 
remedy shortcomings before enough time has 
elapsed to enable observation of mortality effects.

(a) Screening standards

The randomized trials performed during 
the past 30  years have enabled the suggestion 
of several indicators of quality assurance for 
screening services (Day et al., 1989; Tabár et 
al., 1992; Feig, 2007; Perry et al., 2008; Wilson 
& Liston, 2011), including screening participa-
tion rates, rates of recall for assessment, rates 
of percutaneous and surgical biopsy, and breast 
cancer detection rates. Detection rates are often 
classified by invasive/in situ status, tumour size, 
lymph-node status, and histological grade.

Table 5.1 and Table 5.2 show selected quality 
standards developed in England by the National 
Health Service (NHS) (Wilson & Liston, 2011; 
Department of Health, 2013) and in the USA 
by the Agency for Health Care Policy and 
Research and endorsed by the American College 
of Radiology, respectively (Bassett et al., 1994; 
D’Orsi et al., 2013). Similar sets of standards exist 
for screening in Australia, Canada, and Europe 
(National Quality Management Committee of 
BreastScreen Australia, 2008; Perry et al., 2008; 
CPAC, 2013) (see Section 3.2). The programmes 
specify standards – related mainly to the 
screening process and not directly to technical 

5. EFFECTIVENESS OF BREAST CANCER 
SCREENING



IARC HANDBOOKS OF CANCER PREVENTION – 15

282

aspects of image quality – that all units should 
attain, as well as achievable targets at which units 
should aim. 

Table  5.1 pertains to a programme that 
targets women aged 50–70  years with a 
maximum screening interval of 36  months in 
high-incidence countries. In the example in 
England, two-view mammography is used, and 
the programme changed from film to digital 
mammography during 2010–2014.

Minimum standards are specified for 
screening attendance and detection rates, in 
particular detection rates of small cancers, 
which are expected to be high in an effective 
screening programme. Maximum standards are 

specified for adverse effects of screening, such as 
radiation dose, and for rates of interval cancers, 
repeat examinations, and recalls for assessment. 
In addition, maximum times to events in the 
screening, diagnostic, and treatment processes 
are specified; these are important for the patient’s 
experience and quality of life, although they do 
not necessarily reflect clinical or radiological 
quality.

Some of the criteria and standards are very 
specific to the programme. For example, the 
randomized trials of breast screening observe 
a higher rate of breast cancer detection at the 
prevalent (first) screen than at incident (subse-
quent) screens (see, for example, Tabár et al., 

Table 5.1 Minimum quality standards and targets considered in the National Health Service 
breast screening programme in England

Criterion Standard Target

Attendance at screening ≥ 70% 80%
Invasive cancers detected, prevalent screen ≥ 3.6/1000 ≥ 5.1/1000
Invasive cancers detected, incident screen ≥ 4.1/1000 ≥ 5.7/1000
In situ cancers detected, prevalent screen ≥ 0.5/1000 None specified
In situ cancers detected, incident screen ≥ 0.6/1000 None specified
Standardized detection ratio ≥ 1.0 ≥ 1.4
Invasive cancers < 15 mm, prevalent screen ≥ 2.0/1000 ≥ 2.8/1000
Invasive cancers < 15 mm, incident screen ≥ 2.3/1000 ≥ 3.1/1000
Mean glandular radiation dose for standard breast ≤ 2.5 mGy None specified
Number of repeat examinations (% of total examinations) < 3% < 2%
Recall for assessment (% of prevalent screens) < 10% < 7%
Recall for assessment (% of incident screens) < 7% < 5%
Short-term recall (% of screened women) < 0.25% ≤ 0.12%
Non-operative diagnosis (% of cancers) ≥ 90% ≥ 95%
Non-operative diagnosis (% of DCIS) ≥ 85% ≥ 90%
Benign biopsies (prevalent screens) < 1.5/1000 < 1.0/1000
Benign biopsies (incident screens) < 1.0/1000 < 0.75/1000
Interval cancers within 24 months (screened women) ≤ 1.2/1000 None specified
Interval cancers within 25–36 months ≤ 1.4/1000 None specified
Percentage rescreened within 36 months ≥ 90% 100%
Percentage receiving screening result within 2 weeks ≥ 90% 100%
Assessed within 3 weeks (% of total assessed) ≥ 90% 100%
Percentage non-operative biopsies with result within 1 week ≥ 90% 100%
Percentage referred to surgeon receiving surgical assessment within 1 week ≥ 90% 100%
Percentage admitted for treatment within 2 months of referral ≥ 90% 100%
DCIS, ductal carcinoma in situ.
Adapted from Wilson & Liston (2011) and Department of Health (2013).
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1992). However, the detection rate standards 
are expected to be higher for incident screens 
because these values are based not on observa-
tions of a cohort recruited at the prevalent screen 
and followed up thereafter but on a programme 
in which prevalent screens usually take place 
at about age 50  years and incident screens on 
average at about age 60 years (when the under-
lying risk of cancer is higher).

Another measure that is used in the United 
Kingdom is the standardized detection ratio, 
obtained by comparing the observed detection 
rates of invasive cancers by age with those of the 
Swedish Two-County trial (Tabár et al., 1992), 
on which the United Kingdom breast screening 
programme was modelled. At present, the 
standard is almost invariably exceeded (NHSBSP, 
2009), probably at least partly due to the fact that 
breast cancer incidence in the United Kingdom 
in the 21st century is higher than that in Sweden 
in the 1970s and 1980s. This example implies that 
standards should be revised over time, although 
it has also been observed that lower standards 
followed by remedial action have conferred 
substantial improvements in programme perfor-
mance (Blanks et al., 2002). Wallis et al. (2008) 
gave a demonstration of how careful surveillance 
of audit standards can lead to changes in prac-
tice and improved performance at the local and 
national levels.

Indicators such as detection rates are typically 
part of the monitoring system of most screening 
programmes, but the actual target values will 
vary according to the screening regimen, the 
target population, the underlying incidence in 
the programme’s location, and possibly aspects 
of the health-care delivery systems and the medi-
colegal environment (Klabunde et al., 2001).

Table 5.2 shows selected standards developed 
in the USA. These standards include acceptable 
ranges for positive predictive values (PPVs) of 
recall for assessment and for recommendation 
for biopsy. They specify that the proportion of 
cases recalled for assessment that result in diag-
nosis of cancer should be 5–10%, and that the 
proportion of biopsies that result in diagnosis 
of cancer should be 25–40%. These are powerful 
measures of the process since they reflect detection 
rates, recall rates, and biopsy rates. 

(b) Screening sensitivity and interval cancers

In a screening setting, the prevalence of 
the disease in screened subjects, expressed as 
a proportion, is usually very low; a very small 
number of those screened at each screening 
round are diagnosed with cancer, whereas thou-
sands of women are screened negative. Typically, 
in European screening programmes, per 10 000 
women screened, about 9500 will have a normal 
initial result and about 500 will be recalled for 
further assessment, of whom about 70 will have 

Table 5.2 Minimum quality standards for mammography in the USAa

Criterion Standard

Recall rate for assessment (% of screened women) < 10%
Cancer detection rate, prevalent screen (per 1000 screened) 6–10
Cancer detection rate, incident screen (per 1000 screened) 2–4
Positive predictive value of recall for assessment 5–10%
Positive predictive value of biopsy 25–40%
Proportion of screen-detected cancers in situ or TNM stage 0–I > 50%
Proportion of screen-detected node-positive cancers < 25%

a  Values are specified by the United States Agency for Health Care Policy and Research and endorsed by the American College of Radiology.
TNM, tumour–node–metastasis staging system of malignant tumours (see Section 1, Table 1.9).
Adapted from Bassett et al. (1994) and D’Orsi et al. (2013).
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breast cancer. After the screen, about 10–30 will 
present with symptomatic interval cancer.

Components of the quality monitoring 
data listed above can be useful to estimate 
some important attributes of the screening 
programme, notably the specificity and sensi-
tivity (the correct classification of negative and 
positive subjects) and the PPV. Specificity esti-
mates the false-positives, or the complement of 
the proportion of screened-negative cases that 
are recalled for further assessment. The classic 
definition of test sensitivity is the probability that 
if the screening test is applied to someone with 
the disease, a positive diagnosis will result. PPV 
is the proportion of test-positive subjects who are 
diagnosed as cases at the end of the screening 
episode and is a function of the prevalence of 
the lesion. There are costs, both human and 
economic, to achieving a good balance of these 
performance parameters.

Other parameters of cancer detection have 
been defined by Hakama et al. (2007): test 
sensitivity, programme sensitivity, and episode 
sensitivity.

(i) Test sensitivity
In a clinical setting, test sensitivity is usually 

measured by comparison with a “gold standard”. 
This is rarely possible in a screening setting, 
where the objective of the test is the detection of 
a lesion in the preclinical detectable phase, and 
where only those with suspicious initial screening 
findings receive further investigation. Test sensi-
tivity is the number of cancers detected at a 
screen divided by the sum of those detected at the 
screen plus the false-negatives. In principle, the 
false-negatives can be identified by a radiological 
audit of the original screening mammograms in 
those screened negative and subsequently diag-
nosed with interval breast cancer (Houssami 
et al., 2006; Perry et al., 2006). This method of 
estimation involves assumptions about the audit 
quality, and the audit itself consumes resources, 
but it is a crucial learning tool and has the 

potential to improve the programme’s ability to 
detect early-stage cancers.

In the past, a common convention has been 
to estimate sensitivity as the number of cancers 
detected at a screen divided by the sum of those 
detected at the screen plus the interval cancers 
arising within 1 year. Two main sources of error 
have been identified: first, the interval cancers 
arising within 1  year will include true nega-
tives that have entered the preclinical detectable 
phase during that year, and, second, they will 
not exclude those cancers missed at the screen 
but taking longer than 1  year to arise sympto-
matically (Day, 1985). The reasoning implies 
that interval cancers are a mixture of missed 
and newly arising cancers, which tend to be 
more rapidly developing tumours. This, in turn, 
suggests that interval cancers will also be a 
mixture with respect to the aggressive potential 
of the cancers. In the epoch of film mammog-
raphy, test sensitivity was reported to range from 
83% to 95%, with the higher values observed for 
screening women older than 50 years (Mushlin 
et al., 1998). In the epoch of digital mammog-
raphy, the difference in sensitivity between age 
groups may be smaller (Vinnicombe et al., 2009).

(ii) Programme sensitivity
Programme sensitivity may be defined as the 

proportion of cancers diagnosed among women 
attending a screening programme or as the 
proportion of cancers diagnosed in the screen-
ing-eligible population. The first definition is 
the number of screen-detected cases divided by 
the sum of the screen-detected cancers plus the 
interval cancers. The second definition includes in 
the denominator cancers diagnosed among those 
who were invited but did not attend screening. 
Programme sensitivity is often described as the 
ability of the programme to detect cancers. It is 
generally estimated from steady-state screening, 
from the numbers of cancers diagnosed at several 
incident screens (not from prevalent screening) 
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and the symptomatic cancers occurring in the 
same number of intervals between screens.

Programme sensitivity depends on the test 
sensitivity, the screening interval, and (depending 
on which measure is used) the attendance rate. 
It is typically estimated to be 50–60% (Anttila 
et al., 2002; Zorzi et al., 2010). This means that 
in organized programmes, about half of the 
cancers in the target population are detected by 
screening. Of course, this will depend strongly 
on the rate of participation in screening.

(iii) Episode sensitivity
Hakama et al. (2007) defined episode sensi-

tivity as the incidence reduction in a speci-
fied period after screening compared with the 
expected incidence in the absence of screening, 
that is 1 − (P1/P0), where P1 is the incidence among 
the screened subjects in the specified period after 
screening and P0 is the expected incidence in the 
absence of screening (which, in practice, is diffi-
cult to estimate).

Taylor et al. (2002, 2004) reviewed estimates 
of the proportional incidence in the first year of 
the screening interval, comparing international 
data published since 1975 and including results 
from randomized trials and service screening 
programmes in Australia, Canada, Italy, the 
Netherlands, Scandinavia, the United Kingdom, 
and the USA (Health Insurance Plan study). A 
large variability was reported, with an overall 
point estimate of the proportional incidence of 
18.5% from all randomized trials and 27.3% from 
service screening programmes, corresponding 
to episode sensitivity estimates of 91.5% for 
the randomized trials and 72.7% for service 
screening.

A pooled analysis in the service screening 
centres of six European countries (Törnberg et 
al., 2010) reported a large variation in screening 
sensitivity and performance, with a proportional 
incidence of 46% (episode sensitivity, 54%) in the 
24 months after screening. The European stand-
ards (Perry et al., 2006) were 30% and 50% for the 

proportional incidence at the prevalent screen 
and at subsequent screenings, respectively, corre-
sponding to recommended episode sensitivities 
of 70% and 50%, respectively.

(iv) Interval cancers
Note that all three measures discussed 

above require an estimation of interval cancer 
incidence. This illustrates the crucial nature 
of interval cancers in programme evaluation. 
Whereas screen detection rates are important, the 
future cancer risk in those screened negative is at 
least equally informative about the programme’s 
ability to detect cancer in the preclinical phase.

Bennett et al. (2011) noted the complexity 
of the evaluation of interval cancers on a large 
scale. They analysed 26 475 interval cancers in 
the NHS Breast Screening Programme (England, 
Wales, and Northern Ireland) and found a large 
variability in the regional estimates, with an 
estimate of a higher level than expected on the 
basis of the randomized trial experience. The 
conclusion was that comparison of different 
programmes is possible only if the methodology 
used is very thorough and guidelines are agreed 
upon in advance, with accurate follow-up and 
homogeneous reporting.

Table  5.1 includes standards for maximum 
interval cancer rates, that is, rates of symptomatic 
cancers that are diagnosed after a screen with 
negative findings and before the next scheduled 
screen (usually a period of 1–3 years). Together 
with prompt and nearly complete cancer regis-
tration, the interval cancer rate can be a powerful 
indicator of screening quality (Bennett et al., 
2011). The observation that interval cancer rates 
were very high in the early years of the United 
Kingdom programme in the East of England 
prompted a radiological audit, which consisted 
of re-reading previous screening mammograms, 
both of interval cancers and of non-cancers, 
without knowledge of the diagnostic result 
(Day et al., 1995). This identified issues of sensi-
tivity, which were later remedied, and served 
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as a learning resource for quality improvement 
in other regions of England (Duncan & Wallis, 
1995). Interval cancer rates are now considerably 
lower in the East of England and similar to those 
in the rest of the United Kingdom (Bennett et 
al., 2011; Offman & Duffy, 2012). The radiolog-
ical audit of advanced disease may be suggested 
in health-care settings where cancer registra-
tion systems do not sufficiently identify interval 
cancers.

Interval cancer rates can also yield infer-
ences about the effect of changes to the screening 
regimen. The policy of two-view mammography 
for incident screens was shown first to increase 
detection rates (Blanks et al., 2005) and subse-
quently to reduce interval cancer rates by almost 
exactly the same absolute numbers (Dibden et 
al., 2014). The concomitant reduction in interval 
cancer rates gave some assurance that the 
increased detection capability was not an over-
diagnosis phenomenon.

Estimates and characteristics of interval 
cancers in national and regional screening 
programmes have been published, confirming 
the need for surveillance and improvement of 
service screening (Ganry et al., 2001; Wang et al., 
2001; Hofvind et al., 2006; Bucchi et al., 2008; 
Domingo et al., 2013a; Carbonaro et al., 2014; 
Dibden et al., 2014; José Bento et al., 2014; Renart-
Vicens et al., 2014).

The relationship between detection modality 
and tumour characteristics of breast cancers has 
been investigated ever since the first randomized 
trials (Duffy et al., 1991). Recently, the renewed 
interest in interval cases and their radiolog-
ical classification (Houssami et al., 2006) has 
enabled the analysis of tumour characteris-
tics by detection mode and interval type in 
terms of new biomolecular classifications and 
mammographic breast density at screening. Such 
analyses, along with recent findings with respect 
to genetic predisposition, have raised interest in 
personalized screening (Hall & Easton, 2013). 
Although personalized screening is not simple 

to incorporate into existing programmes (Paci & 
Giorgi Rossi, 2010), such interest does indicate 
that investigation of interval cancers can inform 
hypotheses to potentially improve screening 
policy.

(c) Breast cancer mortality

As noted above, the most telling indicator of 
the effectiveness of a screening programme is its 
effect on breast cancer mortality. However, esti-
mating this effect is not straightforward (Duffy 
et al., 2007; Otten et al., 2008; Broeders et al., 
2012; Independent UK Panel on Breast Cancer 
Screening, 2012). Temporal and geographical 
comparisons are potentially confounded with 
other parameters that influence breast cancer 
mortality; simultaneous temporal and geograph-
ical control yields more directly interpretable 
results (Otto et al., 2003; Olsen et al., 2005). The 
introduction of breast screening as in Finland, 
with date-of-birth clusters randomized to receive 
screening first, yields results that may be inter-
pretable directly as estimates of the efficacy of 
the programme (Hakama et al., 1997). It is worth 
noting that such designs do not obviate the need 
for sufficient follow-up. In absolute terms, in the 
early years of a programme the adverse effects are 
enumerable, but the benefits in terms of numbers 
of breast cancer deaths avoided are not.

Arguably the most important issue for obser-
vational evaluation of screening and breast cancer 
mortality is the diagnostic period. Because of 
the generally good breast cancer survival rates, 
unrefined mortality (used hereafter to denote 
breast cancer mortality regardless of the time 
of diagnosis) in the epoch of screening will be 
contaminated by a substantial numbers of deaths 
from cancers diagnosed before screening was 
initiated (Duffy et al., 2007). This will tend to bias 
results against screening. The bias can be avoided 
by using refined or incidence-based mortality 
(IBM), where mortality is ascertained specific to 
the diagnostic period (Olsen et al., 2005; Swedish 
Organised Service Screening Evaluation Group, 
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2006a, b). Alternatively, the bias can be mini-
mized by estimating the mortality effect in a 
period beginning some years after the start of 
screening, albeit with some qualifications on 
interpretation (Duffy et al., 2010).

Epoch of diagnosis also has implications for 
treatment and management of breast cancer, so 
that the before–after comparisons of mortality 
are almost invariably confounded with changes 
in treatment, as with the expansion in use of 
adjuvant systemic therapies in the 1980s and 
1990s. This is considered further in Section 5.1.2.

Concerns have been expressed with respect 
to ascertainment of cause of death (Gøtzsche 
& Jørgensen, 2013). Results suggest that this is 
not a serious cause of bias (Goldoni et al., 2009; 
Holmberg et al., 2009), partly because the number 
of women with advanced breast cancer who do 
not die of breast cancer is limited (de Koning 
et al., 1992). In any case, it can be addressed 
by estimating the effect of screening on excess 
mortality in breast cancer cases, which does not 
require individual determination of cause of 
death (Jonsson et al., 2007).

Methods and results in terms of breast cancer 
screening and mortality are dealt with in more 
detail in Section  5.1.2, and possible surrogate 
indicators of breast cancer mortality are consid-
ered in Section 5.1.3.

5.1.2 Study designs to assess the effectiveness 
of screening

(a) General principles

Attempts to estimate exact proportions of 
recent reductions in breast cancer mortality are 
subject to difficulties in modelling and inter-
preting the dynamism of incidence, behaviour, 
screening policy, treatment policy, and the 
correlations among these. In addition, there 
are always difficulties in interpreting directions 
of causality in changes, particularly in breast 
cancer incidence.

The main observational methods to assess the 
effect of screening are: (i) analysis of temporal 
trends in unrefined breast cancer mortality, 
reporting annual percentage changes in 
screening and pre-screening periods and change 
points when trends are estimated to change in 
magnitude or direction; (ii) comparison of unre-
fined mortality rates in screening or invited 
exposed populations with temporal, geograph-
ical, or other demographic control; (iii) the same 
comparison using IBM; and (iv) case–control 
studies where women who have died of breast 
cancer are compared with women who have 
not, with respect to screening histories before 
diagnosis of the case. In addition, modelling 
studies can provide information on outcomes 
beyond the limits of observational studies. This 
section outlines the principles and practice of 
each method, illustrating them with published 
results. First, two commonly occurring biases, 
and possible methods for their correction, are 
described.

(i) Self-selection for screening
Any estimate of the effect of being screened 

might be biased by factors influencing self-selec-
tion, such as the risk of death from breast cancer. 
In the Swedish breast screening trials, women 
not attending screening had a 36% higher risk 
of death from breast cancer compared with the 
uninvited control group (Duffy et al., 2002a). 
This was a combination of a lower incidence of 
breast cancer and a considerably higher case 
fatality rate (Duffy et al., 1991). A difference 
of this nature would induce a bias in favour of 
screening if not addressed by design or analysis.

Cuzick et al. (1997) developed a method to 
correct for this bias in randomized controlled 
trials (RCTs), assuming a latent non-attender 
population in the control group. Duffy et al. 
(2002a) adapted this for case–control studies and 
later for other designs of observational studies 
(Swedish Organised Service Screening Evaluation 
Group, 2006a). The correction depends crucially 
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on an estimate of the relative risk of breast cancer 
death in non-attenders compared with an unin-
vited population. Although this can be readily 
estimated within a given trial, in observational 
studies this is not generally the case. In the past, 
observational studies have relied on a relative 
risk estimate of 1.36 from the Swedish trials 
(e.g. Allgood et al., 2008) and, more recently, 
on estimates from the target population (Paap 
et al., 2011). Paap et al. (2011) noted that in the 
Netherlands, the non-participant population had, 
if anything, a lower a priori risk of breast cancer 
death compared with the participant population. 
Table 5.3 shows the odds ratios (with and without 
correction for self-selection bias) for breast cancer 
mortality associated with screening, and the 
relative risks for non-participants in screening, 
in five regions of the Netherlands. Those regions 
with a non-participant relative risk greater than 
1 had a corrected odds ratio that was less extreme 
than the uncorrected one, whereas those regions 
with a non-participant relative risk less than 1 
had a more extreme corrected odds ratio. This 
leads to the observation that in the organized 
screening in the Netherlands, self-selection bias 
appeared to have only a minor effect (Otto et al., 
2012a).

Differences in prognosis between attenders 
and non-attenders could be explained by: a 

different underlying risk of disease; different 
help-seeking habits for symptoms, which lead, 
in turn, to differences in stage at presentation; 
varying compliance with treatment; or different 
comorbidities, which have a bearing on outcome 
(Aarts et al., 2011). Socioeconomic status has 
been suggested as the major confounder of both 
outcome and participation in screening (Palli et 
al., 1986; Aarts et al., 2011), although adjustment 
for it made almost no difference to the estimated 
effect of attending screening (Palli et al., 1986).

There is greater uncertainty about the appro-
priate correction in observational studies with 
respect to randomized trials when estimating the 
effect of actually being screened. However, Duffy 
et al. (2002a) illustrated that the relative risk of 
breast cancer death may differ a priori between 
attenders and non-attenders, in ways that are not 
related to screening and thus completely annul 
the benefit observed among the screened popula-
tion. The authors first considered a Swedish case–
control study with an uncorrected relative risk of 
0.50 for being screened, and then calculated that 
the a priori risk of breast cancer death among 
non-attenders would have to be 1.53 to be entirely 
due to self-selection bias, in a programme with 
70% attendance. For a true (i.e. often suggested 
by trials’ meta-analyses) relative risk of 0.80 asso-
ciated with invitation to screening, the relative 

Table 5.3 Odds ratios, with and without correction for self-selection bias, for breast cancer 
mortality associated with screening in five regions of the Netherlands

Regiona Uncorrected OR (95% CI) RR, non-participants/uninvited 
(95% CI)b

OR corrected for self-selection bias 
(95% CI)

1 0.67 (0.42–1.08) 0.64 (0.46–0.90) 0.40 (0.22–0.74)
2 0.52 (0.38–0.73) 0.77 (0.63–0.93) 0.38 (0.25–0.57)
3 0.27 (0.12–0.62) 0.92 (0.65–1.30) 0.24 (0.10–0.62)
4 0.44 (0.32–0.60) 1.08 (0.82–1.43) 0.49 (0.30–0.78)
5 0.46 (0.30–0.72) 1.08 (0.85–1.37) 0.51 (0.30–0.87)

a  Region 1: Bevolkingsonderzoek Noord-Nederland; region 2: IKA; region 3: Limburg; region 4: Bevolkingsonderzoek Borstkanker Zuidwest 
Nederland; region 5: Vroege Opsporing Kanker Oost-Nederland.
b  Region-specific estimates of the relative risk of breast cancer death in non-participants compared with uninvited women.
CI, confidence interval; OR, odds ratio; RR, relative risk. 
Adapted from Breast, Volume 23, issue 4, Paap et al. (2014), Breast cancer screening halves the risk of breast cancer death: a case-referent study, 
pages 439–444, Copyright (2014), with permission from Elsevier.
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risk would have to be 1.23. Such reverse calcula-
tion of the required size of the bias to annul the 
result, or to give a result consistent with the trials, 
may provide some assistance in interpreting the 
results of observational estimates of the effect of 
actually being screened.

(ii) Screening opportunity bias
Screening opportunity bias pertains particu-

larly to case–control studies, where controls can 
only be exposed to screening if they attended 
their last screen, whereas cases can be exposed 
to screening if they attended their last screen or 
were screen-detected (Walter, 2003). This means 
that if the screens at which any screen-detected 
cases were detected are included as exposure, 
there is a bias against screening, and if they are 
excluded, there is a bias in favour of screening. 
Duffy et al. (2008) developed a method that esti-
mates the additional opportunity for screening 
exposure among the cases and yields a correction 
to the odds ratio for this, obtaining an estimate 
that lies between the odds ratios including and 
excluding the detection screen.

(b) Prospective or retrospective cohort analysis 
of unrefined mortality

A common evaluation technique consists 
of comparing rates of unrefined mortality (i.e. 
regardless of time of diagnosis) in a screened 
versus an unscreened population (whether 
historical or contemporaneous or both). An 
early but very clear example of this approach is 
the estimation of the effect of the NHS Breast 
Screening Programme in England and Wales by 
Blanks et al. (2000). The authors fitted age-cohort 
models to breast cancer mortality data recorded 
over the period 1971–1989, before the advent of 
substantial screening coverage, and projected 
these to estimate the expected mortality in 
the absence of screening for the period 1990–
1998, in which the screening programme was 
achieving high coverage. The authors compared 
the observed reductions in mortality with 

expected rates for the age groups 55–69, 50–54, 
and 75–79  years. The observed reductions in 
breast cancer mortality were 21.3% in the age 
group 55–69 years and 14.9% in the age groups 
50–54  years and 75–79  years, age groups that 
might reasonably be expected to be unaffected 
by breast screening. The estimated reduction in 
breast cancer mortality associated with the NHS 
Breast Screening Programme was 6.4%. The 
authors noted that the inclusion of deaths from 
cancers diagnosed before the screening started 
would dilute the observed benefit of screening. 
Duffy et al. (2002b) subsequently showed that 
more than half of the breast cancer deaths in a 
given 10-year period are from cancers diagnosed 
before screening started, and consequently that 
the effect on mortality from cancers diagnosed 
in the screening epoch is likely to be twice as 
high as the 6.4% mortality reduction estimated. 
For this and other reasons, the full effect of the 
screening programme was unlikely to be seen 
until between 2005 and 2010.

As with any temporal comparison, the issue 
of confounding with treatment arises. Although 
the age groups above the screening range might 
not have benefited fully from the therapeutic 
changes, it is reasonable to suppose that the age 
groups below the screening range would have 
done so. The greater mortality reduction in 1998 
in the age group 50–54 years compared with the 
age group 75–79 years (17.0% vs 12.8%) appears 
to bear this out.

(c) Prospective or retrospective cohort analysis 
of incidence-based mortality

Incidence-based mortality studies are cohort 
studies in which the incidence-based mortality 
from breast cancer diagnosed after the first invi-
tation to screening is compared with an esti-
mate of expected breast cancer mortality in the 
absence of screening. The breast cancer mortality 
expected in a situation without screening can be 
estimated using breast cancer mortality rates 
in a cohort not (yet) invited to screening, or 
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using historical data on breast cancer mortality 
patterns from the same region. Ideally, historical 
and current data on breast cancer mortality from 
a region in which screening is absent are included, 
to account for possible temporal changes that 
affect breast cancer mortality (e.g. improvements 
in breast cancer treatment). Incidence-based 
mortality studies have several methodological 
advantages, including avoidance of lead-time 
bias and achieving appropriate correspond-
ence in time of the breast cancer incidence and 
mortality between the study and control cohorts.

Suppose a screening programme started in 
1990, in a stable target population of 100  000 
women aged 50–69 years. One might have avail-
able data to compare breast cancer mortality in 
the 1 000 000 person–years of eligible follow-up 
in 1990–1999 with the same mortality in the 
corresponding 1 000 000 person–years of obser-
vation in 1980–1989, before the screening was 
initiated. However, such a comparison of deaths 
from breast cancer regardless of time of diag-
nosis would include in 1990–1999 deaths from 
breast cancers diagnosed before 1990 and so 
with no potential for exposure to screening. The 
IBM approach would include only deaths from 
cancers diagnosed at ages 50–69  years during 
either 1990–1999 or 1980–1989. Although this 
approach may incur some conservative bias due 
to lead time, this would be outweighed by the 
correct classification of exposure to invitation to 
screening (Swedish Organised Service Screening 
Evaluation Group, 2006a). Since the risk of breast 
cancer death may change with time since diag-
nosis, it is desirable that the observation periods 
with and without screening be of equal duration.

A real instance of this approach is now 
considered. The study of Olsen et al. (2005) 
compared changes in incidence-based breast 
cancer mortality in the period 1991–2001 in 
the Copenhagen screening programme with 
changes in the rest of Denmark (which was 
without a screening programme and was conse-
quently taken as the national control group). 

Incidence-based breast cancer mortality rates 
declined from 69 per 100 000 in the pre-screening 
period to 52 per 100 000 in the screening period 
in the Copenhagen area, and almost no change 
(from 52 to 53 per 100 000) was observed in the 
national control group. This observation led to 
an estimated relative risk of breast cancer death 
of 0.75 (95% confidence interval [CI], 0.63–0.89). 
Any changes in therapy in the Copenhagen area 
over the period would also have been seen in the 
national control group, given the standardiza-
tion of treatment performed in accordance with 
the Danish Breast Cancer Cooperative Group 
(Fischerman & Mouridsen, 1988). Since the only 
deaths included were those from cancers diag-
nosed during the relevant periods, there was 
no dilution of the effect of the screening due to 
deaths from cancers diagnosed before screening 
started.

(d) Case–control studies

In a case–control study, exposure to 
screening (history of breast cancer screening 
attendance) is compared between women who 
died of breast cancer (cases) and women who did 
not die of breast cancer (controls). Potentially 
important biases associated with case–control 
studies include selection bias and information 
bias related to the time at which exposure is 
defined. Because screening attendance is used 
as the exposure measure, selection bias plays an 
important role, as women attending screening 
might be more health-conscious than women 
not attending screening. Selection bias influences 
the estimated effect of the study in favour of 
screening but may be corrected, at least partially, 
using statistical methods (adaptation by Duffy et 
al., 2002a of the correction of Cuzick et al., 1997 
for RCTs). For a correct estimate of selection bias, 
it is crucial to have data available on the varia-
bles that influence breast cancer mortality, or on 
breast cancer mortality between attenders and 
non-attenders (Paap et al., 2014).
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Generally speaking, the definition of expo-
sure to screening can lead to bias both in favour 
of screening and against screening. If expo-
sure is defined as “ever screened” versus “never 
screened”, bias will occur in favour of screening. 
Because all cases have died of breast cancer and 
were therefore very likely to have been diagnosed 
with breast cancer some time before death, most 
will have stopped being invited to screening 
some time before death. In contrast, controls 
(most of whom were not diagnosed with breast 
cancer) would have continued to be invited to 
screening up to near the time of their death, and 
would thus have been more likely to be exposed 
to screening. This difference in the probability of 
having been screened would lead to bias in favour 
of screening. This bias in favour of screening is 
eliminated if exposure is defined as screening 
attendance to the time of the case’s breast cancer 
diagnosis, so that exposure stops simultaneously 
for cases and controls. Although in this design 
the bias in favour of screening is eliminated, bias 
against screening is likely to occur because a case 
is eligible to be screened until cancer is detected 
either clinically or by screening, whereas controls 
matched to a case with a cancer detected by 
screening are eligible to be screened only until 
the cancer of their matched case is detected by 
screening. This bias can be corrected by defining 
exposure for controls matched to cases with 
a screen-detected cancer to the time at which 
cases with a screen-detected cancer would have 
been clinically diagnosed (in the absence of 
screening), but this requires an estimate of the 
screening lead time for each case (Connor et al., 
2000). Exposure of controls matched to cases 
with a clinical diagnosis remains unchanged.

Essential elements in performing case–
control studies are: (i) sampling cases and 
controls from the same population (i.e. controls 
that would have had the same probability of 
becoming cases); (ii) qualitatively equal infor-
mation on the primary outcome measure; and 
(iii) correct definition of (population-based) 

mammography screening exposure. In coun-
tries with complete population registries and full 
coverage of cancer registries and vital statistics, 
such case–control studies approximate nested 
case–control studies. Examples of this type of 
study are the case–control studies done in the 
Netherlands (e.g. Paap et al., 2014).

Case–control studies consistently report a 
greater breast cancer mortality reduction associ-
ated with screening (up to 50%) compared with 
the RCTs (Walter, 2003; Broeders et al., 2012). 
Only a small part of this difference in breast 
cancer mortality reduction can be explained by 
differences in study design. RCTs compare breast 
cancer mortality in women offered screening 
with that in women not offered screening. The 
estimated effect is influenced by the participa-
tion rate (women who decline the invitation to 
screening are included in the screened group) 
and by contamination of the control group. In 
contrast, most case–control studies estimate 
breast cancer mortality reduction in women who 
are screened compared with women who are not 
screened, thereby excluding women who decline 
the invitation to screening from the case group 
and avoiding contamination of the control group. 
Therefore, the effect estimate assessed in case–
control studies can be expected to be stronger, 
even if adjusted for selection effects.

The independent United Kingdom panel on 
breast cancer screening reviewed the useful-
ness of case–control studies in estimating breast 
cancer mortality reduction associated with 
screening and considered that bias could inflate 
the estimate of benefit and that the RCTs provide 
more reliable evidence for mortality reduction 
(Marmot et al., 2013). However, the number 
of screens performed in current screening 
programmes outnumbers the women screened 
in the RCTs by hundreds of millions. Therefore, 
studies conducted in high-quality organized 
invitation systems, which have almost complete 
follow-up data and high acceptance rates, can 
best estimate whether currently implemented 
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programmes are of benefit to women invited 
(effectiveness).

The case–control approach is a relatively 
quick and inexpensive one, based on the prin-
ciple that if the screening is reducing mortality, 
women who have died of breast cancer will be 
characterized by lesser screening histories than 
those who have not. It does have specific complex-
ities and risks of bias (Walter, 2003; Duffy, 2007; 
Verbeek & Broeders, 2010). However, these can to 
some extent be addressed by design and analyt-
ical tactics. Within opportunistic, rather than 
organized, screening, the case–control approach 
is one of the few evaluation options available. In 
some health-care environments, it may not be 
possible to link screening and mortality records, 
in which case the advanced disease status might 
be used to define cases (with the possibility to be 
interviewed with respect to screening status in 
the absence of screening records).

A notable feature of the case–control eval-
uation is that its primary comparison is made 
between participants and non-participants in 
the screening programme, and this option thus 
introduces the possibility of self-selection bias. 
Duffy et al. (2002a) developed a correction for this 
bias that requires a reliable estimate of the rela-
tive risk of breast cancer death in non-attenders 
versus those not invited to screening. This may 
be difficult to estimate; however, the method also 
provides an estimate of how large this relative 
risk would have to be for the observed benefit to 
be entirely due to self-selection bias.

An example of a case–control evaluation 
is the study of the effect of participation in the 
BreastScreen Australia programme, which has 
been inviting women aged 50–69 years to 2-yearly 
mammography since the mid-1990s (Nickson et 
al., 2012). The 427 breast cancer deaths occurring 
at some time during 1995–2006 were compared 
with 3650 controls who were alive. A variable 
number of controls, selected by incidence density 
sampling, were matched by month and year of 
birth to cases (Greenland & Thomas, 1982). In 

each case–control matched set, a date of first 
diagnosis of breast cancer (in the majority, the 
date of diagnosis of the case) was defined as the 
reference date. The primary definition of expo-
sure to screening was having had a mammo-
gram between the woman’s 50th birthday and 
the case–control set reference date. Exposure 
to screening was less common in cases than in 
controls (39% vs 56%). The odds ratio associated 
with screening, adjusted for remoteness of resi-
dence and socioeconomic status, was 0.48 (95% 
CI, 0.38–0.59). A series of sensitivity analyses 
yielded a range of 0.44 to 0.52.

This result may be affected by self-selec-
tion bias, despite the adjustment for socio-
economic status and the various sensitivity 
analyses performed. However, to be entirely due 
to self-selection bias, the a priori risk of breast 
cancer death in non-participants compared 
with uninvited women would have to be at least 
1.80, which seems unlikely given the evidence 
that participants are at a higher risk of breast 
cancer than non-participants (Thompson et al., 
1994; van Schoor et al., 2010; Beckmann et al., 
2013). Clearly, the self-selection bias can act in 
either direction. However, the results do indicate 
that case–control evaluations appear to be less 
conservative compared with prospective evalu-
ation approaches.

(e) Ecological studies

An ecological study makes use of aggregated 
data for exposure or outcome identification, or 
both, rather than individual-level assessment of 
the association of the exposure with the outcome.

Ecological studies are generally accorded a 
lower status than randomized trials or studies 
using individual data, such as case–control and 
cohort studies. However, there may be cases 
where a well-conducted ecological study is more 
pertinent than a poorly conducted cohort or 
case–control study. In fact, for population inter-
ventions such as mammography breast cancer 
screening, the distinctions between these study 



Breast cancer screening

293

types may be blurred, making it more important 
to consider the studies on a case-by-case basis, or 
at least according to a finer subdivision of types.

Two factors limit the ability to interpret 
findings in ecological studies. First, the ecolog-
ical fallacy relates to the uncertain relationship 
between the mean and the median of character-
istics of individuals in cells of aggregated data. 
Thus, the average use of screening in region A 
may be higher than that in region B, but if this 
average is due to very intensive use by a small 
number of women, one would not expect to see 
an overall mortality advantage for the women in 
region A. Second, differences in outcomes may 
be explained by other risk factors that differ 
between two regions. These may not be adjusted 
for, because they are unknown, are unmeasured, 
or are measured only on average (which returns 
one to the ecological fallacy). Adequate treatment 
of these two issues is a necessary condition for 
considering an ecological study as informative 
with respect to the effectiveness of mammog-
raphy screening.

Ecological studies for breast cancer mortality 
compare data in countries or areas before and 
after the introduction of screening (interrupted 
time series), or concurrently between areas with 
and without screening (geographical compari-
sons). In the first type of study, extrapolation of 
time trends means that decisions must be made, 
for example about the linearity or otherwise of 
the trend, the choice of time periods considered 
as “before” and “after” screening, and the age 
groups included. In the second type of study, 
choices must be made about the areas to include, 
the time period considered, and the age groups 
included. Such decisions, which can appear to 
have been made rather arbitrarily, can have a 
profound impact on the estimates obtained. Lack 
of comparability and different time trends in the 
groups being contrasted could lead to substantial 
bias.

Ecological studies that use temporal trends 
fit regression models to national or regional 

published mortality data, commonly to esti-
mate annual rates of change in mortality over 
time and to assess whether and to what extent 
breast cancer screening affects them. The change 
points are either dictated by the date of intro-
duction of screening programmes or estimated 
from the data using joinpoint regression models 
(Mukhtar et al., 2013). Studies comparing the 
levels of mortality rates between screening and 
non-screening periods are not included in this 
definition (please refer to Sections 5.1.2b and c).

Mukhtar et al. (2013) analysed unrefined 
breast cancer mortality data (i.e. regardless of 
epoch of diagnosis) from 1971 or 1979 to 2009 in 
England, using log-linear models with joinpoint 
regression. They estimated similar contempo-
raneous downward trends in mortality during 
the screening epoch for women younger than 
50 years and for those older than 50 years, the 
lower age limit for screening in Oxford. The join-
point regression estimated no changes in trends 
for women aged 64 years or younger but signif-
icant changes in the late 1980s in older women. 
In England as a whole, the authors estimated 
the largest decreasing relative trend in women 
younger than 40 years. Years of peak mortality 
were observed in the mid- to late 1980s, before an 
effect of screening would be expected.

The authors concluded that screening was 
unlikely to have affected breast cancer mortality. 
Problems with this interpretation include the 
following. (i) The greatest mortality reduction 
in the most recent period was observed for the 
youngest age group. Rates were rising in the 
screening age group until the mid-1980s and 
falling thereafter. (ii) Because of the methodol-
ogy’s choice of discontinuities at different ages, 
the calendar periods comparing the screening 
and non-screening age groups are not the same. 
(iii) Screening was mostly confined to ages 
50–64 years, and the effect on mortality would 
be quite substantial in the late sixties and early 
seventies rather than in the early fifties. (iv) The 
emphasis on individual years of peak mortality 
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and year-to-year trends loses sight of the more 
stable mortality estimates as a whole. The level of 
mortality was considerably lower in the screening 
epoch than in the pre-screening epoch, and this 
difference was most pronounced in the screening 
age group. (v) The maximum number of change 
points allowed should be specified. This will also 
affect their estimated occurrence.

Usually, it is most difficult to anticipate the 
occurrence of a change point, or its magni-
tude, based on year-to-year trends in unrefined 
mortality. This may influence the subjective 
decision about the number of joinpoints and 
about whether trends of decreasing mortality 
would have continued unabated in the absence 
of screening. Nevertheless, despite the signifi-
cant complexities of analysis and interpretations, 
trend studies can be informative, such as the 
Otto et al. (2003) study.

(f) Modelling studies

Formally, RCTs answer one specific outcome 
question, namely whether mammography 
screening reduces breast cancer mortality, given 
the exact design features, like fixed interval, 
starting age, and stopping age, and given the back-
ground situation of the control group to compare 
with. Modelling studies are generally intended 
to predict outcomes beyond the (limited) end of 
the trial follow-up, and for different schedules 
of screening. They seek to avoid possible over-
estimation of the effect of screening on breast 
cancer mortality, due to lead-time and length 
bias, by modelling the breast cancer process 
more directly. The essence of modelling is simu-
lating the natural history of disease, based on 
the best available data. This is realized by incor-
porating variables associated with the disease 
process and with detection and treatment of 
breast cancer, including the mean duration of 
the preclinical detectable phase, the probability 
of transition to the next tumour stage, age- and 
stage-specific sensitivity of mammography, and 
stage-specific response to treatment (Berry et al., 

2005; Groenewoud et al., 2007). As an example, 
the number and the time frame of interval 
cancers being diagnosed give estimates of sensi-
tivity, whereas the detection rates (by stage, age, 
calendar year, etc.) and interval cancers together 
give information on the sojourn times of disease 
(duration of period when cases are screen-de-
tectable). Modelling produces estimates of these 
unobservable phenomena, and thus there is some-
times scepticism about the evidence coming from 
modelling studies. Modelling tries to incorpo-
rate all available screen and non-screen data and 
to give the best estimate of the natural history 
of disease and of what would have happened 
if no screening had been implemented. In the 
evaluation of screening, when it is already being 
introduced, such model predictions are valuable 
to evaluate and steer the programme, and they 
are also advisable before implementation for 
estimating the optimal programme of screening 
with its benefits and harms as well as its cost–
effectiveness. With good estimates, especially of 
the screen-detectable period, overdiagnosis can 
be estimated (van Ravesteyn et al., 2015).

However, all good modelling analyses that 
predict the consequences of treating earlier in 
the natural history of disease are dependent on 
efficacy measures, from RCTs or high-quality 
observational studies, to estimate such results. 
Therefore, high-quality models are calibrated to 
such high-quality data (de Koning et al., 1995). 
The advantage is that differences in protocol, for 
example attendance and referral rates, and in 
follow-up period can specifically be taken into 
account.

In such modelling, the natural history of 
breast cancer in the absence of screening is first 
modelled. Some women in the simulated popu-
lation may develop breast cancer, which develops 
from a small preclinical lesion to a symptomatic 
cancer, possibly leading to breast cancer death. 
In each stage, a lesion may grow to the next 
stage, regress, or be clinically diagnosed because 
of symptoms. The natural course of the disease 
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may be interrupted by screening, at which a 
preclinical lesion can become screen-detected. 
Screen detection can result in the detection of 
smaller tumours, which may entail a survival 
benefit. Each screen-detected or clinically 
diagnosed tumour may be treated with adju-
vant systemic therapy, which may also improve 
survival. Critical components of such models 
are the assumed natural history component, the 
effects of interrupting by screening or treatment, 
and extrapolating lifetime harms and bene-
fits (Heijnsdijk et al., 2012). In principle, such 
elements are calibrated and validated against 
data from trials and observational studies, and 
criteria to evaluate models have been proposed 
(Habbema et al., 2014).

5.1.3 Surrogate indicators of effect on 
mortality

As noted above, although in principle the 
main indicator of the effectiveness of a screening 
programme is its impact on breast cancer 
mortality, to estimate this impact in practice 
can be complicated. The population incidence of 
advanced-stage disease (Smith et al., 2004; Autier 
et al., 2011) or predicted mortality from the stage 
of disease diagnosed have been suggested as 
surrogates for mortality. Randomized trials show 
that screening that results in a reduction in the 
incidence of node-positive breast cancer is also 
accompanied by a reduction in mortality (Smith 
et al., 2004). A review confirmed this strong 
inverse association of exposure to screening and 
of screen detection with nodal status and tumour 
size (Nagtegaal & Duffy, 2013). To consider 
potential confounding, the incidence of disease 
should be compared before and after the intro-
duction of screening, to account for changes in 
treatment as well as more complete pathological 
staging and reporting (e.g. the implementation 
of sentinel node biopsy) in the screening epoch. 
This gives rise to further complexities of analysis 

and interpretation of data (Swedish Organised 
Service Screening Evaluation Group, 2007).

Another possible confounder is the increase 
in breast cancer incidence recorded in almost 
all parts of the world in the second half of the 
20th century, which is related to mortality and 
incidence of advanced disease as well as to the 
introduction of screening. Thus, there are meth-
odological problems when trying to estimate 
the expected incidence of disease by stage in the 
absence of screening.

Despite these problems, the rates of advanced-
stage disease are still a very direct measure of the 
impact of early detection by screening, as several 
studies have reported. To estimate the potential 
beneficial effect, not simply the proportion of 
cases with advanced-stage disease but also the 
reduction in the absolute rate of advanced-stage 
disease should be reported.

Thus, the incidence of advanced-stage disease 
might be used as a surrogate for the effect of 
screening on mortality, but the above-men-
tioned limitations should be considered. Other 
indicators include the detection rate of interval 
cancers and of small tumours, which are neces-
sary but not sufficient indicators of the success 
of screening (Day et al., 1989, 1995; Tabár et al., 
1992). Although they are less direct, these indica-
tors are often more generally observable than the 
absolute population incidence of advanced-stage 
disease.

5.2 Preventive effects of 
mammography

5.2.1 Incidence-based cohort mortality 
studies

IBM studies are the most methodologically 
robust studies for evaluating the effectiveness 
of service mammography in reducing breast 
cancer mortality (see Section  5.1.1). They are 
cohort studies usually conducted in associa-
tion with a population-based mammography 
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screening programme. Their defining feature 
is the observation of deaths from breast cancer 
in women diagnosed after their first invitation 
to (or attendance to) mammography screening, 
that is, at a time when their risk of breast cancer 
death could have been affected by screening. The 
expected number of breast cancer deaths is esti-
mated in women diagnosed with breast cancer 
but not invited to screening compared with a 
matching cohort of women over a similar period 
of time.

The screening and non-screening cohorts can 
be fixed or dynamic, most commonly dynamic. 
For those invited to screening, the date of first 
invitation is taken from screening records or 
is estimated from the cohort member’s resi-
dence location and the history of the roll-out of 
screening in the study area and period. For those 
not invited to screening, the date of first invita-
tion may be allocated to correspond in age and 
time to those invited, or at about the midpoint 
of the first screening round for those invited. 
The two cohorts’ age distributions are usually 
matched, as are the periods over which their 
breast cancer experience is recorded. In most 
cases, incident breast cancers during the accrual 
period for the study (which begins at the date of 
first invitation to screening for each woman) and 
the associated breast cancer deaths are identified 
in a population-based cancer registry, and deaths 
from other causes in a regional or national death 
register. In some studies, one or both cohorts 
have also been identified in national registers 
and individual women tracked into and out of 
the cohorts for accurate estimation of person–
years of experience; otherwise, the person–years 
are estimated using aggregated population data.

This description of the results of IBM 
studies is based on studies correctly charac-
terized as IBM studies, mostly covered by two 
recent systematic reviews. The first of these, the 
Euroscreen review, systematically searched for 
relevant studies published up to February 2011 
in women aged 50–69 years covered by European 

population-based screening mammography 
programmes (Broeders et al., 2012; Njor et al., 
2012). The second had a similar search strategy 
to the Euroscreen review but without age restric-
tion or limitation to European populations, and 
included studies published up to January 2013 
(Irvin & Kaplan, 2014). Additional IBM studies 
were found in an unrestricted systematic search 
that covered literature published between March 
2011 and 22 July 2014. One study published after 
July 2014 (Coldman et al., 2014) and two early 
studies not identified in the searches (Morrison 
et al., 1988 and Thompson et al., 1994) were also 
known to the Working Group.

Four analyses that were excluded from 
the Njor et al. (2012) review report were also 
excluded by the Working Group, on the grounds 
that they were based exclusively on some or all 
of the data used for previous reports. However, 
there remains significant overlap among several 
studies, which is detailed below.

In almost all instances, the studies reviewed 
were conducted in areas where population-based 
service mammography screening had been 
implemented. There is, in principle, no reason 
for not conducting such studies within a popu-
lation exposed only to opportunistic screening, 
but they are more readily conducted in areas of 
population-based screening and the Working 
Group knew of no IBM studies that had been 
conducted in an area with exclusively opportun-
istic screening.

The following summary of results of IBM 
studies is organized into two broad sections: 
studies that report on breast cancer mortality 
reduction after mammography screening of 
women in age groups that include most or all 
of the age range 50–69  years, and studies that 
report on mortality reduction from screening in 
an age group that lies mainly below or above that 
age range (i.e. women younger than 50 years or 
older than 69 years).
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(a) Women aged 50–69 years invited to 
screening

The results of studies of mammography 
screening mainly in women aged 50–69 years are 
summarized in Table 5.4 and Table 5.5. Table 5.4 
covers estimates of relative risk of breast cancer 
death in women invited to mammography 
screening relative to women not invited. Table 5.5 
does the same for women who were invited and 
attended screening relative to women who were 
invited but did not attend. Studies are ordered 
in the table by the country in which they were 
conducted (with countries in the order in which 
their mammography screening programmes 
were first introduced) and within each country 
by the earliest date of mammography screening 
that was included in the analysis.

All analyses reviewed here included women 
in the age group 50–69 years, with the exception 
of four analyses in which the women invited or 
otherwise targeted for screening were aged up 
to 59 or 64 years and one in which only women 
from age 55  years were invited. Eight analyses 
included women invited to screening before 
age 50 years, and five analyses included women 
invited to screening beyond age 69 years.

(i) Sweden
The six reports based on population-based 

mammography screening in Sweden have 
multiple overlaps in space and time; that is, they 
drew on geographical mammography experience 
for more than a year that overlapped with that 
drawn on by at least one other study. The expe-
riences in the reports of Duffy et al. (2002a, b) 
are almost completely a subset within that of the 
Swedish Organised Service Screening Evaluation 
Group (2006a, b) reports; however, the reports 
of Duffy et al. (2002a, b) provide valuable addi-
tional results and so are included separately in 
Table 5.4 and below. The whole mammography 
experience of Jonsson et al. (2007) is also included 
in that of Swedish Organised Service Screening 
Evaluation Group (2006a, b), but it does provide 

some independent information since it uses 
contemporary and not historical control areas. 
Most of the screening experience in two of the 
seven screening areas of Jonsson et al. (2001) 
overlaps with that in Swedish Organised Service 
Screening Evaluation Group (2006a, b), and two 
of the control counties overlap more than 50% 
of the time with the control counties in Jonsson 
et al. (2007). The screening experience of the 
one screening county in Jonsson et al. (2003a) 
overlaps by 2 years that of Duffy et al. (2002a, b) 
and by 1 year that of Swedish Organised Service 
Screening Evaluation Group (2006a, b). The 
screening experience of one of the two counties 
included in Tabár et al. (2001) is also included 
in Duffy et al. (2002a, b) and Swedish Organised 
Service Screening Evaluation Group (2006a, b).

Sweden’s first population-based mammog-
raphy screening programme was introduced 
in 1974 to cover women aged 40–64  years 
in Gävleborg County. Jonsson et al. (2003a) 
primarily compared IBM in Gävleborg County 
with an age-matched control population from 
four neighbouring counties without mammog-
raphy screening programmes. Cohorts of women 
were defined in Gävleborg County according to 
the date at which invitation to screening began 
in their district, and corresponding cohorts were 
created in the control counties. Incident breast 
cancers and their dates of diagnosis were identi-
fied, and their date and cause of death obtained 
from the Swedish Cancer Registry; aggregated 
population data were used to estimate person–
years at risk. The study also included a reference 
period (1964–1973), in which any pre-existing 
difference in breast cancer mortality between 
Gävleborg County and the control counties 
could be estimated and adjusted for in the anal-
ysis. Incident breast cancers were accrued for 
10  years, and the follow-up period for breast 
cancer mortality was 22  years; cases were 
accrued only in the age group 40–64 years, and 
follow-up extended to age 79 years. [These differ-
ences in accrual and follow-up periods and age 
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298 Table 5.4 Incidence-based mortality studies of the effectiveness of invitation to mammography screeninga mainly in women 
aged 50–69 years, by country and follow-up period

Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-
up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Sweden
Jonsson et 
al. (2003a)

Gävleborg 
County 
and 4 other 
counties 
1974 
40–64 yr 
average, 
38 mo 
(earlier) and 
23 mo (later)

Invited 
885 000 
Not 
invited 
2 581 000

10 yr 1974–
1986 
(max 
10 yr) 
Same + 
12 yr

40–64 yr 
Same + 
15 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Same period; 
different 
counties

Yes Age, follow-
up time, 
county, 
period (study 
or reference)

0.86 
(0.71–1.05)

RR, 0.82 
adjusted for 
lead-time bias; 
adjustment 
for inclusion 
biasd did not 
change RR

Tabár et 
al. (2001)

2 counties 
1978 
40–69 yr 
1.5–2 yr

Invited 
1 100 931 
Not 
invited 
1 213 136

≤ 9 yr 1988–
1996 
Same

40–69 yr 
Not stated

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
periods; 
same areas

No 
(screening 
period 
was 1 yr 
shorter 
than 
non-
screening 
period)

Selection 
bias

0.52 
(0.43–0.63) 
0.64 
(0.30–1.36)e

It is uncertain 
whether there 
is lead-time 
bias
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-
up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Duffy et 
al. (2002b)

7 counties 
1978–1994 
40 or 50 yr 
to 69 or 74 yr 
1.5–2.75 yr

Invited 
3 815 330 
Not 
invited 
3 693 064

5–20 yr 1978–
1997 to 
1994–
1998 
Same

40–69 yr 
(6 
counties), 
50–59 yr 
(1 county) 
Same

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
periods; 
same areas

Yes Lead-time 
bias, time 
trend in 
breast cancer 
mortality

0.74 
(0.68–0.81)f 
≤ 10 yr of 
screening: 
0.82 
(0.72–0.94) 
> 10 yr of 
screening: 
0.68 
(0.60–0.77)

Analyses in 5 
counties based 
on ≤ 10 yr of 
screening, in 2 
counties based 
on > 10 yr. 
Substantial 
overlap with 
Swedish 
Organised 
Service 
Screening 
Evaluation 
Group (2006a)

Swedish 
Organised 
Service 
Screening 
Evaluation 
Group 
(2006a)

13 areas 
1980–1990, 
depending 
on area 
40 or 50 yr 
to 69 yr, 
depending 
on area 
probably 
mostly 2 yr

Invited 
7 542 833 
Not 
invited 
7 265 841

11–22 yr, 
depending 
on area

1980–
2001 to 
1990–
2001 
Same

40–69 yr 
(8 areas) 
or 
50–69 yr 
(5 areas) 
Maximum 
follow-up 
age not 
stated

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
periods; 
same areas

Yes Time trend 
in breast 
cancer 
mortality

0.73 
(0.69–0.77)

Updated and 
expanded 
analysis 
incorporating 
almost all data 
used for Duffy 
et al. (2002b)

Jonsson et 
al. (2001)

12 counties 
1986 
50–69 yr 
2 yr

Invited  
2 036 000 
Not 
invited  
1 265 000

7 yr 1986–
1994 
Same + 
3 yr

50–69 yr 
Same + 
10 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Same period; 
different 
counties

Yes Age, year of 
follow-up, 
area, period

0.90 
(0.74–1.10)

RR, 0.87 
adjusted for 
inclusion 
bias.d Lead-
time bias 
estimated to 
be −0.4%

Table 5.4   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-
up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Jonsson et 
al. (2007)

4 counties 
1989 
40–74 yr 
average, 
20–22 mo

Invited 
1 223 346 
Not 
invited 
915 948

7 yr 1989–
1996 
Same + 
5 yr

50–69 yr 
Same + 
10 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
period 
(accrual 
1989–1996 
for study 
group, 
1988–1994 
for control 
group); 
different 
areas

No (study 
group 
follow-up 
to 2001, 
control 
group to 
1998)

Age 50–69 yr: 
0.86 
(0.86–1.17) 
40–74 yr: 
0.74 
(0.58–0.94)g

Lead-time bias 
estimated to 
be −2% at ages 
50–69 yr and 
40–74 yr 
~85% of 
invited 
women 
screened

The Netherlands
Peer et al. 
(1995)

2 cities 
1975 
35–64 yr 
2 yr

Invited 
166 307 
Not 
invited 
154 103

15 yr 1975–
1990 
Same

35–64 yr 
Same

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Same period; 
different 
cities

Yes None stated 0.94 
(0.68–1.29)

Study followed 
for 15 yr a 
cohort aged 
35–49 yr at 
first invitation. 
Cities may 
differ in 
underlying 
breast cancer 
mortality 
trends

United Kingdom
UK Trial 
of Early 
Detection 
of Breast 
Cancer 
Group 
(1999)a

England and 
Scotland, 
6 health 
service areas 
1979 
45–64 yr 
2 yr

Invited 
793 288 
Not 
invited 
2 346 328

7 yr 1979–
1995 
Same

45–80 yr 
Same

Individual Same period; 
different 
health 
service areas

Yes Age, pre-trial 
breast cancer 
mortality

0.73 
(0.63–0.84)

Screening 
included 
annual CBE 
65% of invited 
women 
screened

Table 5.4   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-
up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Finland
Hakama 
et al. 
(1997)

84% of 
munici-
palities 
1987 
50–64 yr 
2 yr

Invited 
400 804 
Not 
invited 
299 228

≤ 6 yr 1987–
1992 
Same

50–64 yr 
Same

Individual 
for all 
women

Same period; 
same areas

Yes Age 0.76 
(0.53–1.09)

Approximately 
1/6 of women 
invited to 1 
screening 
round, 1/3 to 
2 rounds, and 
1/2 to 3 rounds 
85% of invited 
women 
screened

Anttila et 
al. (2002)

Helsinki 
1986 
50–59 yr 
2 yr

Invited 
161 400 
Uninvited 
155 400

0.5–10.5 yr; 
1–5 
screening 
rounds

1986–
1997 
Uncertain

50–59 yr 
Uncertain

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
period; same 
area

Yes Age at death, 
time trend in 
breast cancer 
mortality 
at age 
40–49 yr in 
screened and 
unscreened 
cohorts

0.81 
(0.62–1.05)

Possible 
difference in 
age of case 
accrual and 
follow-up, and 
therefore lead-
time bias

Parvinen 
et al. 
(2006)

Turku 
1987 
55–74 yr 
2 yr

Invited 
204 896 
Not 
invited 
199 329

11 yr 1987–
1997 
Same + 
4 yr

55–74 yr 
Same + 
10 yr

Individual 
for invited 
women; 
aggregate 
for not 
invited 
women

Different 
periods; 
same area

Yes Age, time 
trend in 
mortality 
extrapolated 
from 1970 to 
1986

55–74 yr: 
0.58 
(0.41–0.83) 
65–69 yr: 
0.42 
(0.21–0.84)

Some lead-
time bias

Table 5.4   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-
up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Anttila et 
al. (2008)

410 munici-
palities 
1987 
50–69 yr 
2 yr

Invited 
1 822 900 
Not 
invited 
no 
estimate 
provided

≤ 5 yr 1992–
1996 
Same + 
3 yr

50–69 yr 
Same + 
10 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
period; same 
area

No Age at 
diagnosis, 
cohort, year

0.89 
(0.81–98)

Some lead-
time bias. 
Breast cancer 
mortality in 
the absence of 
screening was 
extrapolated 
from 
statistical 
models of 
breast cancer 
mortality 
from 1971 to 
1986 and in 
age groups 
40–49 yr and 
65–69 yr up to 
1991

Table 5.4   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-
up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Sarkeala 
et al. 
(2008a, b)

260 munici-
palities 
1987 
50–69 yr 
(up to 74 yr 
in some 
munici-
palities) 
2 yr

Invited 
2 330 266 
Not 
invited 
401 002

≤ 12 yr 1992–
2003 
Same

50–69 yr 
Same

Individual 
for invited 
women; 
aggregate 
for not 
invited 
women

Different 
period; same 
area

Yes Age at death, 
centre recall 
categories, 
period, 
calendar 
year within 
period, 
interaction 
between 
calendar 
year and age

0.78 
(0.70–0.87) 
50–59 yr: 
1.04 
(0.81–1.31) 
50–59 yr 
(up to 
69 yr): 0.84 
(0.75–0.92) 
50–69 yr 
(up to 
74 yr): 0.72 
(0.51–0.97)

Time trend in 
breast cancer 
mortality 
taken account 
of by modelled 
adjustment 
for calendar 
period. 87% 
of invited 
women 
screened. 
The material 
was grouped 
by screening 
policy of the 
municipality

Italy
Paci et al. 
(2002)

Florence 
1990 
50–69 yr 
2 yr

Invited 
254 890 
Not 
invited 
not 
stated

≤ 7 yr 1990–
1996 
Same + 
3 yr

50–76 yr 
Same + 
3 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
period; same 
area

Yes None stated 0.81 
(0.64–1.01)

Some lead-
time bias

Table 5.4   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-
up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Spain
Ascunce 
et al. 
(2007)

Navarre 
1990 
50–69 yr 
2 yr

Invited 
293 000 
Not 
invited 
289 000h

5 yr 1997–
2001 
Same

50–69 yr 
Uncertain

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
period; same 
area

Yes Age 0.58 
(0.44–0.75)

Lead-time bias 
is possible. RR 
not adjusted 
for trend in 
breast cancer 
mortality; 
RR for age 
30–44 yr was 
1.07, for age 
≥ 75 yr was 
1.03

Denmark
Olsen et 
al. (2005)

Copenhagen 
1991 
50–69 yr 
2 yr

Invited 
430 823 
Not 
invited 
634 224

≤ 10 yr 1991–
2001 
Same

50–69 yr, 
mainly 
50–79 yr

Individual 
for all 
women

Different 
period; same 
city

Yes Age, 
exposure, 
period, 
region, 
period*region

0.75 
(0.63–0.89)

Some lead-
time bias. 
Adjusted for 
underlying 
mortality 
trend and 
difference 
between 
regions by 
including 
period*region 
term in model

Table 5.4   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-
up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Norway
Kalager et 
al. (2010)

1996–2005, 
depending 
on area 
50–69 yr 
2 yr

Invited 
2 337 323 
Not 
invited 
2 197 469

10 yr in 
1 region; 
2–6 yr in 
5 regions

1996–
2005 
Same

50–69 yr 
Same + 
9 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
period; same 
area

No Age [0.88g 
(0.73–1.05)]

Some lead-
time bias. 
Widespread 
opportunistic 
screening 
before 
programme 
began

Olsen et 
al. (2013)

1996–2005, 
depending 
on area 
50–69 yr 
2 yr

Invited 
1 182 747 
Not 
invited 
1 152 755

≤ 6 yr 1996–
2001 or 
2002 
1996–
2001 or 
2008i

50–69 
50–69 or 
50–81i

Individual 
for all 
women

Different 
period; same 
counties

Yes Age at death, 
breast cancer 
mortality 
trend in 
reference 
regionj

0.89 
(0.71–1.12) 
from the 
“evaluation” 
model

Some lead-
time bias. 
Study group 
screened 1–3 
times in the 
population-
based 
programme. 
Widespread 
opportunistic 
screening 
before 
programme 
began

Table 5.4   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-
up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Weedon-
Fekjær et 
al. (2014)

1996–2005, 
depending 
on area 
50–69 yr 
2 yr

Invited 
2 407 709 
Not 
invited 
12 785 325

1–15 yr 
median, 
4.5 yr

1986–
2009 
Same

50–79 yr 
Same

Individual 
for all 
women

Partly 
different 
period 
(1986–2009 
for all 
women, 
1995–2009 
for invited 
women); 
whole 
country

No Age, period, 
cohort, 
county, lead-
time bias

0.72 
(0.64–0.79)

Bulk of “not 
invited” 
follow-up was 
in 1986–1995. 
Widespread 
opportunistic 
screening 
before 
programme 
began

a  One study evaluated invitation to mammography plus CBE.
b  Person–years: number of women or number of breast cancer deaths.
c  All RRs are for breast cancer as the underlying cause of death.
d  Bias from inclusion of deaths from breast cancers that were diagnosed in the period between becoming eligible for screening (either by start of screening or by reaching a certain age) 
and being invited to be screened.
e  Estimated trend-adjusted, obtained by the Working Group by dividing the authors’ estimate by the incidence-based mortality RR comparing women aged 40–69 years not invited to 
screening in 1988–1996 with women aged 40–69 years in 1968–1977.
f  Estimated by combining RRs for ≤ 10 yr screening and > 10 yr screening using a fixed effects meta-analytic method.
g  RR and 95% CI adjusted for trend or geographical difference in underlying mortality were calculated as ratio of the authors’ estimated RRs comparing screening area with control 
period or area; 95% CI of ratio estimated using method in Altman & Bland (2003) as implemented in http://www.hutchon.net/CompareRR.htm.
h  Estimated from number of breast cancer deaths and breast cancer mortality rate in Table 4 of the article.
i  Alternative dates applied to two different birth cohorts.
j  RR and 95% CI adjusted for time trend in mortality calculated as ratio of the authors’ estimated RR comparing women aged 40–69 years invited to screening in 1988–1996 with 
women aged 40–69 years in 1968–1977, before screening, and their estimated RR comparing women aged 20–39 years not invited to screening in 1988–1996 with women aged 20–
39 years in 1968–1977; 95% CI of ratio estimated using method in Altman & Bland (2003) as implemented in http://www.hutchon.net/CompareRR.htm.
CBE, clinical breast examination; CI, confidence interval; mo, month or months; RR, relative risk; yr, year or years.

Table 5.4   (continued)
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Table 5.5 Incidence-based mortality studies of the effectiveness of participation in mammography screeninga mainly in 
women aged 50–69 years, by country and follow-up period

Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity 
of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Sweden
Tabár et 
al. (2001)

2 counties 
1978 
40–69 yr 
1.5–2 yr

Screened 
932 229 
Not 
screened 
168 702

≤ 9 yr 1988–
1996 
Same

40–69 yr 
Not stated

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women 
(including 
participation 
in 
screening)

Different 
periods; 
same areas

No 
(screening 
period 
was 1 yr 
shorter 
than non-
screening 
period)

None 0.37 
(0.30–0.46)

Uncertain 
whether 
there is 
lead-time 
bias. Not 
adjusted 
for self-
selection 
bias

Time trend [0.46 
(0.21–0.97)]

Duffy 
et al. 
(2002b)

7 counties 
1978–1994 
40 or 50 yr 
to 69 or 
74 yr  
1.5–2.75 yr

Screened 
2 687 855 
Not 
screened 
628 681

5–20 yr 1978–
1997 to 
1994–
1998 
Same

40–69 yr 
(6 
counties), 
50–59 yr 
(1 county) 
Same

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women 
(including 
participation 
in 
screening)

Different 
periods; 
same areas

Yes Lead-time 
bias, self-
selection bias

0.61 
(0.55–0.68)

See also 
Swedish 
Organised 
Service 
Screening 
Evaluation 
Group 
(2006a). 
Adjusted 
for self-
selection 
bias using 
method of 
Duffy et al. 
(2002b)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity 
of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Swedish 
Organised 
Service 
Screening 
Evaluation 
Group 
(2006a)

13 areas 
1980–1990, 
depending 
on area 
40 or 50 yr 
to 69 yr, 
depending 
on area 
probably 
mostly 2 yr

Screened 
5 612 312 
Not 
screened 
1 930 521

11–22 yr, 
depending 
on area

1980–
2001 to 
1990–
2001 
Same

40–69 yr 
(8 areas) 
or 
50–69 yr 
(5 areas) 
Maximum 
follow-up 
age not 
stated

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women 
(including 
participation 
in 
screening)

Different 
periods; 
same areas

Yes Lead-time 
bias, self-
selection 
bias using 
method of 
Duffy et al. 
(2002b)

0.57 
(0.53–0.62)

Updated 
and 
expanded 
analysis 
based on 
analysis in 
Duffy et al. 
(2002b)

Jonsson et 
al. (2007)

4 counties 
1989 
40–74 yr 
average, 
20–22 mo

Invited 
1 223 346 
Not invited 
915 948 
(Only 9% 
of breast 
cancer 
cases were 
in women 
who did 
not attend 
screening)

7 yr 1989–
1997 
Same + 
4 yr

50–69 yr 
50–79 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
period 
(accrual 
1989–1997 
for study 
group, 
1988–1994 
for control 
group); 
different 
counties

No (study 
group 
follow-up 
to 2001, 
control 
group to 
1998)

Age, 
difference in 
breast cancer 
mortality 
between 
study group 
and control 
group in 
preceding 
7 yr, self-
selection for 
screening

0.70 
(0.57–0.86)

Lead-time 
adjustment 
was 
estimated to 
be −2% 
~85% of 
invited 
women 
screened 
Adjusted 
for self-
selection 
bias using 
method of 
Cuzick et al. 
(1997)

Table 5.5   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity 
of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Finland
Sarkeala 
et al. 
(2008b)

260 munici-
palities 
1987 
50–59 yr 
(invited); 
60–69 yr 
(optional) 
2 yr

Screened 
1 023 598 
Not 
screened 
1 365 177 
(“screened” = 
screened 
after first 
invitation; 
“not 
screened” 
includes 
not invited 
and invited 
but not 
screened)

≤ 12 yr 1992–
2003 
Same

50–79 yr 
60–79 yr

Individual 
for 
screened 
women; 
aggregate 
for 
unscreened 
women

Different 
period; 
same area

Yes Age at death, 
screening 
policy 
category, 
calendar 
period. 
Adjusted for 
self-selection 
bias using 
method of 
Cuzick et al. 
(1997)

0.63 
(0.53–0.75)d

Time trend 
in breast 
cancer 
mortality 
taken 
account of 
by modelled 
adjustment 
for calendar 
period

Italy
Puliti & 
Zappa 
(2012)

Florence 
1991 
50–69 yr 
2 yr

Screened 
466 205 
Not 
screened 
248 182

1–16 yr 1992–
2007 
Same + 
1 yr

50–85 yr 
50–86 yr

Individual 
for all 
women

Same 
period; 
same 
population

Yes Age at entry, 
marital 
status, 
deprivation 
index. No 
additional 
adjustment 
for self-
selection bias

0.51 
(0.40–0.66)

Some lead-
time bias

Table 5.5   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity 
of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Canada
Coldman 
et al. 
(2014)

7 provinces 
1990 
Most 
≥ 40 yr 
Most 
40–49 yr 
1 yr 
≥ 50 yr 
2 yr

Screened 
and not 
screened 
20 200 000

1–20 yr 1990–
2009 
Same

40–99 yr 
Same

Individual 
for 
screened 
women; 
aggregate 
for 
unscreened 
women

Same 
period; 
same 
population

Yes Age 0.60 
(0.52–0.67)

Self-
selection 
bias 
estimated 
for British 
Columbia 
women aged 
40–49 yr at 
entry using 
an ad hoc 
approach: 
unadjusted 
RR, [0.43 
(0.28–0.61)]; 
adjusted 
RR, [0.39 
(0.19–0.91)]

Table 5.5   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity 
of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Denmark
Olsen et 
al. (2005)

Copenhagen 
1991 
50–69 yr 
2 yr

Invited 
430 823 
Not invited  
634 224 
(Not 
separately 
estimated 
for screened 
and not 
screened 
women)

≤ 10 yr 1991–
2001 
Same

50–69 yr, 
mainly 
50–79 yr

Individual 
for all 
women

Different 
period; 
same city

Yes Age, 
exposure, 
period, 
region, 
period*region. 
Adjusted for 
underlying 
mortality 
trend by 
including 
period*region 
term in 
model

0.60 
(0.49–0.74)

0.63 
adjusted 
for self-
selection 
bias using 
an ad hoc 
approach. 
~71% 
participation; 
widespread 
opportunistic 
screening 
before 
programme 
began

Norway
Hofvind 
et al. 
(2013)

Norway 
1996–2005, 
depending 
on area 
50–69 yr 
2 yr

Screened 
4 814 060 
Not 
screened 
988 641

1–15 yr 
median, 
4.5 yr

1996–
2009 
Same + 
1 yr

50–84 yr 
50–85 yr

Individual 
for all 
women

Same 
period; 
same 
population

Yes Age, 
calendar 
period, 
time in 
screened or 
unscreened 
cohort, 
self-selection 
bias using 
method of 
Cuzick et al. 
(1997)

0.57 
(0.51–0.64)

Some lead-
time bias. 
Estimated 
RR in those 
invited, 
0.64. 
Widespread 
opportunistic 
screening 
before 
programme 
began

Table 5.5   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity 
of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

USA
Morrison 
et al. 
(1988)a

BCDDP (29 
centres) 
1973–1977 
35–74 yr 
1 yr

Screened 
55 053 
White 
women

5 yr 1–9 yr 
after 
first 
screen 
[1973–
1986]

35–83 yr 
35–83 yr

Individual 
for 
screened 
women; 
aggregate 
for 
unscreened 
women

Same 
period; 
comparison 
derives from 
SEER

Yes Age, 
calendar 
period, lead-
time bias

0.80 
Age at 
entry:  
35–49 yr: 
0.89 
50–59 yr: 
0.76 
60–74 yr: 
0.74

Expected 
deaths 
accounts for 
exclusion 
of prevalent 
cases, which 
would 
otherwise 
have 
contributed 
to observed 
deaths. 
Some self-
selection 
bias. 
Screening 
included 
CBE

Table 5.5   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity 
of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Thompson 
et al. 
(1994)a

Western 
Washington 
State 
1985 
≥ 40 yr 
1–3 yr

Whole 
cohort:  
94 656 
women 
Subcohort: 
2242, 
including 5 
breast cancer 
deaths

≤ 3.5 yr in 
programme 
< 5 yr 
including 
opportu-
nistic

1982–
1988 
Same

≥ 40 yr 
Same

Individual 
for all 
women

Same 
period; 
same area

Yes Age, 
mother’s 
history of 
breast cancer, 
nulliparity, 
history of 
breast biopsy

≥ 40 yr: 
0.80 
(0.34–1.85) 
≥ 50 yr: 
0.61 
(0.23–1.62)

Screening 
included 
CBE. 
Unadjusted 
RR, 1.09 
(0.58–2.07)

a  Two studies evaluated invitation to mammography plus CBE.
b  Person–years: number of women or number of breast cancer deaths.
c  RRs are for breast cancer as the underlying cause of death when alternative estimates (e.g. excess mortality) are also provided.
d  Estimated by combining RRs and 95% CIs, using a fixed effects model, across the three screening policy categories in Table 3 of the article. In an earlier analysis of similar data 
(Sarkeala et al., 2008a), the authors reported an RR for screening of 0.66 (95% CI, 0.58–0.75) in women aged 50–69 years in follow-up, which, when adjusted for self-selection, became 
0.72 (95% CI, 0.56–0.88).
BCDDP, Breast Cancer Detection Demonstration Project; CI, confidence interval; mo, month or months; RR, relative risk; SEER, Surveillance, Epidemiology, and End Results; yr, year 
or years.

Table 5.5   (continued)
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groups created the possibility of lead-time bias 
in the results. Also, bias due to inclusion of some 
cases of breast cancer that occurred early in the 
roll-out of screening and before the first invita-
tion to screening (inclusion bias) was possible.] 
The estimated IBM relative risk for death from 
breast cancer was 0.86 (95% CI, 0.71–1.05) based 
on breast cancer deaths ascertained as the under-
lying cause of death from the death certificate 
and adjusted for age, follow-up time, county, and 
period (study or reference). Corresponding rela-
tive risks were 0.82 (no CI stated) after adjustment 
for lead-time and inclusion biases, 0.82 (95% CI, 
0.65–1.03) when based on an estimate of excess 
mortality due to breast cancer, which does not 
require use of the certified underlying cause of 
death, and 0.93 (95% CI, 0.77–1.11) when based 
on the “rest of Sweden” as the control group.

The relative risk of 0.86 (95% CI, 0.71–1.05) 
was chosen from the alternatives listed above to 
be reported in the table. This choice was made 
a priori on the grounds that: (i) the relative risk 
was based on the underlying cause of death (the 
excess mortality measure is not consistently 
reported in the studies reviewed); (ii) it was the 
most fully adjusted relative risk that also included 
its 95% confidence interval; (iii) the Working 
Group considered four neighbouring counties to 
be a more nearly similar control group for the 
study group than the whole of the rest of Sweden; 
and (iv) this study overlapped the least with other 
Swedish studies.

Jonsson et al. (2001) and Jonsson et al. (2007) 
had fundamentally the same design as Jonsson et 
al. (2003a), except that Jonsson et al. (2007) made 
historical rather than geographical comparisons 
of breast cancer mortality in women invited to 
screening in a later period with that in women 
in the same population not invited to screening 
in an earlier period. [Jonsson et al. (2007) is the 
weakest of the three, because of its overlaps with 
Jonsson et al. (2001) and Swedish Organised 
Service Screening Evaluation Group (2006a, b) 
and because of the difference in the length of 

the follow-up periods in women invited and not 
invited to screening.] The IBM relative risk in 
invited women aged 50–69 years was 0.90 (95% 
CI, 0.74–1.10) (0.87 adjusted for inclusion bias, 
and with lead-time bias estimated to be −0.4%) in 
Jonsson et al. (2001) and 0.86 (95% CI, 0.86–1.17) 
(lead-time bias estimated to be −2%) in Jonsson 
et al. (2007).

Tabár et al. (2001) estimated post-RCT 
effectiveness of mammography screening in 
the Swedish Two-County study by comparing 
post-RCT experience with a balanced period of 
pre-RCT experience. [The reporting of this anal-
ysis is limited; there is uncertainty as to whether 
the result may be affected by lead-time bias and 
whether there is any statistical adjustment of the 
relative risks.] To obtain the IBM relative risk 
for breast cancer mortality in women invited to 
screening, the authors first estimated the IBM 
relative risk for attendance to screening (by 
comparing breast cancer mortality in women 
aged 40–69  years who attended screening in 
1988–1996 with that in women aged 40–69 years 
in 1968–1977, before any screening) and then 
adjusted this for self-selection bias to obtain an 
adjusted relative risk for invitation to screening 
of 0.52 (95% CI, 0.43–0.63). [However, this esti-
mate was not adjusted for the underlying trend in 
breast cancer mortality between 1968–1977 and 
1988–1996.]

In a similar historical control-design IBM 
study based in seven Swedish counties, Duffy et 
al. (2002a, b) estimated an IBM relative risk of 
0.74 (95% CI, 0.68–0.81) for screening in women 
aged 40–69 years based on 5–20 years of screening 
and follow-up until 1997 or 1998, and adjusted 
for lead-time bias and the underlying time trend 
in breast cancer mortality. For counties with 
10 years or less of screening, the estimated rela-
tive risk was 0.82 (95% CI, 0.72–0.94), and for 
counties with more than 10 years of screening, it 
was 0.68 (95% CI, 0.60–0.77).

The Swedish Organised Service Screening 
Evaluation Group (2006a, b) analysis was of 
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a similar design but expanded to 13 areas of 
Sweden and had 11–22 years of screening experi-
ence of women aged 40–69 years or 50–69 years 
and followed up until 2001. The IBM relative risk 
for screening at age 40–69 years was 0.73 (95% 
CI, 0.69–0.77) after adjustment for the under-
lying trend in breast cancer mortality.

(ii) The Netherlands
Peer et al. (1995) compared breast cancer 

mortality in women born in 1925–1939 who were 
resident in Nijmegen and were offered mammog-
raphy screening every 2  years from 1975 until 
the end of 1990 with that of age-matched women 
resident in Arnhem and not offered screening. 
Cause of death was ascertained from clinical 
records and was considered to be breast cancer if 
metastases had been diagnosed and other causes 
of death could be ruled out. The IBM relative risk 
for breast cancer mortality in Nijmegen women 
relative to Arnhem women was 0.94 (95% CI, 
0.68–1.29). [Breast cancer mortality in women 
aged 35–64 years had been reported to be lower 
in Nijmegen than that in Arnhem in 1970–1974. 
This difference was observed not to persist in 
the period 1975–1979. No adjustment was made 
for possible differences or trends in underlying 
breast cancer mortality rates.]

(iii) United Kingdom
The United Kingdom Trial of Early Detection 

of Breast Cancer (UK Trial of Early Detection of 
Breast Cancer Group, 1999) was a non-random-
ized trial that began in 1979 and preceded popu-
lation-based mammography screening in the 
United Kingdom by 10  years. IBM to 16  years 
of follow-up was compared between two health 
service areas in which women aged 45–64 years 
were invited to be screened by mammography 
and clinical breast examination (CBE) every 
2  years for four rounds, with CBE only in the 
intervening years, and two areas in which women 
received the usual care. The relative risk was 0.73 
(95% CI, 0.63–0.84).

(iv) Finland
Five studies have reported IBM analyses of 

mammography screening in Finland. [Overlaps 
are not accurately identifiable from published 
reports but seem likely.] The study of Hakama et 
al. (1997) overlaps minimally with the studies of 
Anttila et al. (2008) and Sarkeala et al. (2008a, b) 
because Hakama et al. (1997) covered screening in 
1987–1992 and the other three covered screening 
from 1992 to 2002 or 2003. Anttila et al. (2008) 
and Sarkeala et al. (2008a, b), which cover 410 
and 260 municipalities, respectively, appear to 
overlap substantially; each of these two studies 
also overlaps with that of Parvinen et al. (2006), in 
which the intervention group primarily covered 
the “entry” cohort in the city of Turku in 1987. 
The study of Anttila et al. (2002), which included 
screening in Helsinki in the period 1986–1997, 
does not overlap with that of Hakama et al. 
(1997) or with that of Sarkeala et al. (2008a, b) but 
is assumed to overlap with that of Anttila et al. 
(2008) in the period 1992–1997. On these bases, 
it appears that Hakama et al. (1997), Anttila et al. 
(2002), and Sarkeala et al. (2008a, b) give nearly 
complete coverage of screening in Finland from 
1986 to 2003 with minimal overlap.

Hakama et al. (1997) compared IBM in women 
aged 50–64  years invited and not invited to 
mammography screening in 84% of municipali-
ties in 1987–1992, the first 6 years of nationwide 
screening in Finland. Individual year-of-birth 
cohorts of women were progressively invited for 
the first time during this period and experienced 
up to three screening rounds. The estimated rela-
tive risk of breast cancer death was 0.76 (95% CI, 
0.53–1.09). The analysis of Anttila et al. (2002) of 
screening of women in Helsinki over the period 
1986–1997 compared IBM in women born in 
1935–1939, who had been invited to screening, 
with that in women born in 1930–1934, who 
had not. The estimated relative risk of breast 
cancer death was 0.81 (95% CI, 0.62–1.05) after 
adjustment for age at death and the estimated 



IARC HANDBOOKS OF CANCER PREVENTION – 15

316

trend in breast cancer mortality from the trend 
across the two cohorts at age 40–49 years. [There 
may be lead-time bias in this result.] Using data 
from 260 Finnish municipalities and modelling 
the time trend in breast cancer mortality in the 
absence of screening, with mortality data from 
1974–1985 providing estimated pre-screening 
mortality, Sarkeala et al. (2008a) estimated an 
IBM relative risk for invitation to screening in 
1992–2003 of 0.78 (95% CI, 0.70–0.87) at age 
50–69 years. All municipalities regularly invited 
only women aged 50–59 years. In those munic-
ipalities that had regularly invited women aged 
50–69 years (and up to 74 years in some of these) 
throughout the study period, the corresponding 
IBM relative risk was 0.72 (95% CI, 0.51–0.97). 
Incidence and death were measured at age 
60–79  years, whereas no impact was observed 
in municipalities that had stopped screening at 
age 59 years (Sarkeala et al., 2008b). Studies with 
variable screening policies provided no clear 
evidence for a difference in the relative risk for 
screening between the first 5 years (Hakama et 
al., 1997) and the next 10  years (Anttila et al., 
2002; Sarkeala et al., 2008a, b). In addition, the 
results of Parvinen et al. (2006) demonstrated a 
significant effect in women screened regularly at 
age 55–74 years since 1987 in the “entry” cohort 
of the screening programme in the municipality 
of Turku (Table 5.4).

(v) Italy
Paci et al. (2002) estimated the IBM relative 

risk for women aged 50–69  years invited to 
screening in the first 7 years of population-based 
mammography screening in Florence over the 
period 1990–1999. The expected number of 
deaths in the absence of invitation to screening 
was estimated from the expected number of inci-
dent breast cancers in women not yet invited to 
screening in each half-year of the period 1990–
1996 and the estimated number of breast cancer 
deaths to 1999 (from estimated case fatality rates 
for up to 9.5  years after diagnosis) in women 

expected to be diagnosed with breast cancer in 
each of these half-year cohorts. The estimated 
relative risk was 0.81 (95% CI, 0.64–1.01). [The 
nature of 13 breast cancer deaths classified as 
“other” (neither invited nor not invited, and 
treated as not invited in the analysis) is unclear. 
If they had been treated as invited, the relative 
risk would have been 0.83.]

(vi) Spain
Based on a population-based mammog-

raphy screening programme targeting women 
aged 45–64  years in Navarre, Ascunce et al. 
(2007) reported an IBM relative risk of 0.58 
(95% CI, 0.44–0.75) for invitation to screening 
of women aged 50–69 years in 1997–2001. There 
was no adjustment for the overall trend in breast 
cancer mortality; the corresponding relative 
risk was 1.07 (95% CI, 0.66–1.74) in women aged 
30–44 years and 1.03 (95% CI, 0.77–1.37) in those 
aged 75  years and older (outside the target age 
group). The relative risk adjusted for the average 
of these two trends was 0.56 (95% CI, 0.39–0.80).

(vii) Denmark
Based on linked screening registry, cancer 

registry, cause of death registry, and population 
register data for individual women, Olsen et al. 
(2005) analysed IBM for invitation to screening in 
the first 10 years (1991–2001) of population-based 
mammography screening offered every 2 years to 
women aged 50–69 years in Copenhagen. Three 
comparison groups, Copenhagen in 1981–1991 
and Denmark (except Copenhagen and two other 
areas with population-based screening before 
2001) in 1991–2001 and 1981–1991 (secondary 
control groups to provide data on the under-
lying trend in breast cancer mortality), were 
constructed from women’s individual records 
in the population register, and the women were 
allocated pseudo-dates of first invitation. In all 
cases, women with prevalent breast cancer before 
their real date or pseudo-date of invitation were 
excluded. Analysis was done by way of a Poisson 
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regression model of breast cancer mortality 
with age, whether invited or not, period, region, 
and interaction between period and region as 
covariates, thus adjusting the estimate of effect 
of invitation for differences in age, place, and 
time between invited and not invited women. 
The estimated IBM relative risk for invitation to 
screening was 0.75 (95% CI, 0.63–0.89).

(viii) Norway
A population-based programme that offers 

mammography screening every 2 years to women 
aged 50–69  years began as a pilot programme 
in four of the 19 Norwegian counties in 1996; 
roll-out to the rest of the country began 2 years 
later and was completed in 2005 (Hofvind et al., 
2013). Population-based screening was preceded 
by widespread opportunistic screening, to 
the extent that 38% of women who had their 
first mammogram within the programme in 
1996–2006 had received a mammogram within 
the preceding 3 years, and 64% had ever had a 
mammogram (Hofvind et al., 2013). Also, impor-
tantly, the roll-out of population-based screening 
in Norway was accompanied by or preceded by 
the establishment of multidisciplinary breast 
cancer care units in each county, in which all 
women being investigated or treated for breast 
cancer (whether screen-detected or not) were 
managed (Kalager, 2011).

Three studies have reported on IBM in 
women invited to screening in the Norwegian 
population-based programme. One included 
population-based screening experience accumu-
lated to 2001–2002 in women in the four pilot 
study counties (Olsen et al., 2013). The second 
included the experience in the whole country to 
the end of 2005 (Kalager et al., 2010), thus fully 
with overlapping the first. The third included 
the experience in the whole country to the end 
of 2009 (Weedon-Fekjær et al., 2014), thus fully 
overlapping with both of the others.

Olsen et al. (2013) compared mortality from 
breast cancer diagnosed after screening began 

in women in the four pilot screening counties 
with the corresponding mortality in women in 
these counties over the 6 years before screening 
began. They adjusted their comparison for the 
underlying trend in breast cancer mortality by 
estimating it in five non-screening counties in 
similar periods before and after the beginning 
of 1996. The authors linked individual data 
obtained from the central population register, 
cancer registry, and cause of death registry for all 
women within the scope of their analysis; aggre-
gated data were not required. However, they did 
not have individual screening data, so women 
in the screening counties during the screening 
period were allocated the date of first invitation to 
screening in their municipality as their first invi-
tation date. Women included in the 6-year control 
period for the screening counties were allocated 
pseudo-dates of invitation 6  years before those 
in the screening period. The maximum period 
of screening was 6 years. The authors estimated 
the IBM relative risk for invitation to screening 
to be 0.89 (95% CI, 0.71–1.12). [This relative risk 
includes lead-time bias. Also, the underlying 
downtrend may have been greater in screening 
counties than in non-screening counties, due 
to the introduction of multidisciplinary breast 
cancer care units along with screening.]

The analysis of Kalager et al. (2010) used a 
similar approach to that of Olsen et al. (2013) 
except that it covered mammography screening 
in the period 1996–2005 and had individual data 
only for women who had been diagnosed with 
breast cancer. To address effects of the underlying 
trends in breast cancer mortality, comparisons 
were made between women invited to screening 
in 1996–2005 and corresponding women not 
invited to screening in 1986–1995, and vice versa. 
The comparisons were made primarily in women 
aged 50–69 years at diagnosis of breast cancer. 
[Balanced breast cancer accrual and follow-up 
periods and age groups avoided lead-time bias. 
However, as a consequence of the manner 
of roll-out of population-based screening in 
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Norway, the group invited to screening and its 
historical comparison were concentrated in the 
second halves of the compared periods and the 
group not invited to screening and its historical 
comparison were concentrated in the first halves, 
making the latter a potentially inaccurate esti-
mate of the underlying trend in breast cancer 
mortality in the group offered screening.] The 
authors estimated the relative risk comparing 
IBM for the group invited to screening relative 
to its historical comparison group to be 0.72 (95% 
CI, 0.63–0.81) and the corresponding relative risk 
in the group not invited to screening to be 0.82 
(95% CI, 0.71–0.93). [From these relative risks, 
the Working Group estimated the IBM for invi-
tation to screening adjusted for the underlying 
mortality trend to be 0.88 (95% CI, 0.73–1.05). 
The Working Group noted, in agreement with 
Olsen et al. (2013), that the mortality trend in 
areas without screening may not accurately indi-
cate the trend in areas with screening.]

Weedon-Fekjær et al. (2014) obtained indi-
vidually linked data for all women, as Olsen et 
al. (2013) had, and in addition obtained indi-
vidual dates of screening invitations. Unusually, 
however, they based their analysis of invitation 
to screening over the period 1996–2009 on the 
complete, dynamic population of Norwegian 
women aged 50–79 years in 1986–2009. Thus, their 
population of women unexposed to screening 
included women from 10 years before the imple-
mentation of population-based screening; as a 
result, they drew on nearly 13  million person–
years of experience before invitation to screening 
and only 2.4 million after. The IBM relative risk 
for invitation to screening was estimated to be 
0.72 (95% CI, 0.64–0.79) using a complex Poisson 
regression modelling approach. [The authors 
noted that they could not exclude possible effects 
of the establishment of multidisciplinary breast 
cancer care centres in parallel with the roll-out 
of the screening programme.]

[The relative risks for invitation to screening of 
these three, overlapping studies of the Norwegian 

experience are compatible to the extent that their 
95% confidence intervals overlap, although the 
upper limit for the Weedon-Fekjær et al. (2014) 
study is less than the point estimates for the other 
two studies, suggesting that it could be lower. 
In principle, a lower relative risk in Weedon-
Fekjær et al. (2014) would be expected because: 
it includes a later 4 years of the population-based 
programme’s experience than the other two 
studies; it would be based, on average, on longer 
periods of individual women’s experience in the 
programme; and it would be less affected by the 
previous high level of opportunistic screening. 
It might also, perhaps, be affected by the inclu-
sion of a large volume of pre-screening breast 
cancer mortality experience, which, in the event 
of a falling trend in underlying breast cancer 
mortality, might produce an artificially lower 
relative risk. There is evidence of such a trend 
(Kalager et al., 2010), and it could be sufficient 
to explain the difference between the estimate 
of Weedon-Fekjær et al. (2014) and those of the 
other two studies. Although the adjustment for 
period should have addressed this issue, the 
statistical dominance of person–years before 
1996 may have compromised the effectiveness of 
this adjustment.]

Summary
The IBM relative risks for invitation to 

screening ranged overall from 0.58 to 0.94, with a 
median value of 0.78. Lead-time bias was the most 
common residual bias and would be expected 
to be conservative. If the Swedish, Finnish, and 
Norwegian studies that are overlapped substan-
tially or fully by other studies (Duffy et al., 2002b; 
Jonsson et al., 2007; Anttila et al., 2008; Kalager 
et al., 2010; Olsen et al., 2013) are removed, the 
range of the remaining 14 studies is the same as 
for all 19 studies and the median is little changed, 
at 0.77. Furthermore, if all Norwegian studies are 
removed because of the introduction of multi-
disciplinary breast care centres in parallel with 
screening, the range remains the same and the 
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median is 0.76. The United Kingdom Trial of 
Early Detection of Breast Cancer (relative risk 
[RR], 0.73; 95% CI, 0.63–0.84) included annual 
CBE in the intervention.

(b) Women aged 50–69 years who attended 
screening

The design and results of studies reviewed 
are summarized in Table 5.5. Studies are ordered 
in the table by the country in which they were 
conducted (with countries in the order in which 
their mammography screening programmes 
were first introduced) and within each country 
by the earliest date of mammography screening 
that was included in the analysis.

Most of the studies in Table 5.5 were based 
on the same mammography experience as was 
used for analyses of the outcomes of invitation 
to screening. Self-selection for attendance is an 
important issue in these analyses because the 
numerator for the IBM relative risk for breast 
cancer mortality is based on the experience of 
women attending screening while the denom-
inator is based on all women in a different era 
or area who were not invited to screening or on 
women in the same area and era who chose not 
to attend screening. Self-selection may bias the 
IBM relative risk estimate if it creates a differ-
ence in the underlying risk of breast cancer death 
between women attending screening and all 
women, or women not attending screening.

(i) Sweden
Tabár et al. (2001) reported an estimate of the 

IBM relative risk for women aged 40–64  years 
attending screening of 0.37 (95% CI, 0.30–0.46). 
[The estimate appears not to have been adjusted 
either for self-selection or for the underlying 
time trend in breast cancer mortality. However, 
data on this trend in women aged 20–39  years 
in 1968–1977 or 1988–1996 were reported, and 
the Working Group used this trend to obtain 
an adjusted IBM relative risk of 0.46 (95% CI, 

0.21–0.97). This relative risk may still be affected 
by self-selection bias.]

The other three Swedish studies that estimated 
IBM relative risk for attendance to screening 
(Duffy et al., 2002a, b; Swedish Organised Service 
Screening Evaluation Group, 2006a, b; Jonsson 
et al., 2007) overlapped substantially with one 
another in their coverage of the screening experi-
ence, and Swedish Organised Service Screening 
Evaluation Group (2006a, b) included the expe-
rience of one of the counties analysed in Tabár et 
al. (2001). These three studies variously covered 
screening of women aged 40–74 years, but mostly 
aged 50–69 years, and screening during various 
parts of the period 1978–2001. The results, each 
adjusted for self-selection bias, were reasonably 
similar (Table  5.5): the IBM relative risks were 
0.61 (95% CI, 0.55–0.68) for Duffy et al. (2002a, b), 
0.57 (95% CI, 0.53–0.62) for Swedish Organised 
Service Screening Evaluation Group (2006a, b), 
and 0.70 (95% CI, 0.57–0.86) for Jonsson et al. 
(2007). The methods of adjustment for self-se-
lection bias were, respectively, that of Duffy et 
al. (2002a, b), a refinement of that method as 
reported in Swedish Organised Service Screening 
Evaluation Group (2006a, b), and the method of 
Cuzick et al. (1997).

(ii) Finland
One Finnish study has estimated the 

IBM relative risk for attendance to screening 
(Sarkeala et al., 2008b). Based on the same data 
set as used for Sarkeala et al. (2008a), this study 
was designed primarily to assess the effect of 
different screening centre policies on screening 
effectiveness. Screened women attended between 
1992 and 2003; unscreened women included 
those residing in the same areas in 1974–1985 
and women who were invited in 1992–2003 but 
did not attend. The IBM relative risk for attend-
ance to screening was 0.63 (95% CI, 0.53–0.75), 
adjusted for self-selection bias using the method 
of Cuzick et al. (1997).
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(iii) Italy
Based on a similar population of women 

invited to the first screening round (1991–1993) in 
Florence described in Paci et al. (2002) (Table 5.4), 
Puliti & Zappa (2012) followed up women invited 
to mammography screening every 2  years at 
age 50–69  years for incidence of breast cancer 
to 2007 and mortality from breast cancer and 
other causes to 2008 (Table 5.5). The estimated 
IBM relative risk for women who had ever been 
screened relative to those who had never been 
screened was 0.51 (95% CI, 0.40–0.66). This esti-
mate was adjusted for marital status and small-
area deprivation index in the hope of reducing 
self-selection bias. [There would also have been 
some lead-time bias because the mortality 
follow-up period was 1  year longer than the 
period of incident breast cancer accrual.]

(iv) Canada
Based on data obtained from seven of 

the 12 provincial mammography screening 
programmes established in or after 1988 under 
the Canadian Breast Cancer Screening Initiative, 
Coldman et al. (2014) reported an IBM relative 
risk of 0.60 (95% CI, 0.52–0.67) for women who 
were screened at least once in the period 1990–
2009 (Table 5.5). For the seven individual prov-
inces, the relative risk ranged from 0.41 (95% CI, 
0.33–0.48) in New Brunswick to 0.73 (95% CI, 
0.68–0.78) in Ontario. The analysis was based 
on 20.2  million person–years of experience. 
Population data from Statistics Canada indicated 
that 32.4% (Ontario) to 53.0% (New Brunswick) 
of women aged 50–69 years attended screening 
in 2005–2006 and that 56.1% (Manitoba) to 
64.3% (Quebec) reported undergoing bilateral 
mammography during the same period. An 
ad hoc method (described fully in the authors’ 
online supplementary methods) was used to 
adjust the relative risk in British Columbia for 
self-selection.

(v) Denmark
Olsen et al. (2005), who estimated the IBM 

relative risk for women invited to screening in the 
Copenhagen population-based mammography 
programme (Table 5.4), also estimated the IBM 
relative risk for women screened relative to those 
not screened, which was 0.60 (95% CI, 0.52–0.67) 
unadjusted for self-selection for screening. The 
relative risk adjusted for self-selection using an 
ad hoc approach was estimated to be 0.63 (95% 
CI not reported).

(vi) Norway
In a study of women invited to attend the 

Norwegian Breast Cancer Screening Program, 
Hofvind et al. (2013) compared breast cancer 
mortality in women who accepted the invita-
tion with that in women who did not (Table 5.5). 
This study is based entirely on linked unit record 
data of individual women invited to attend a 
population-based mammography screening 
programme, which included screening history, 
cancer registrations, and death records. Women 
could contribute person–years of experience to 
both the unscreened and the screened group. 
Overall, 84% of women attended screening for 
1–15 years, with a median of 4.5 years. Accrual 
of incident breast cancers ended in 2009, and 
emigration and mortality follow-up continued 
until the end of 2010. The relative risk of death 
from breast cancer in screened relative to 
unscreened women was estimated to be 0.57 (95% 
CI, 0.51–0.64) adjusted for age at breast cancer 
diagnosis, calendar year, time since inclusion in 
the unscreened or screened group, and self-se-
lection bias estimated using the average estimate 
of the breast cancer mortality relative risk for 
non-attenders relative to uninvited women (1.36; 
95% CI, 1.11–1.67, from Duffy et al. 2002a, b) and 
the study estimate of attendance in response to 
a screening invitation. The authors noted that 
38% of women first attending the Norwegian 
Breast Cancer Screening Program in 1996–2006 
reported having had a mammogram within the 
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preceding 3 years, which could have biased the 
estimate of programme effectiveness. They also 
noted that the contemporaneous introduction of 
multidisciplinary breast care centres should not 
have biased their relative risk estimates because 
only women who were invited to the programme 
were included in the analysis. [No adjustment 
was made for lead-time bias.]

(vii) USA
Morrison et al. (1988) examined breast cancer 

mortality within the Breast Cancer Detection 
Demonstration Project, which was initiated 
in 1973 by the American Cancer Society and 
the National Cancer Institute to demonstrate 
the feasibility of large-scale screening for 
breast cancer (Beahrs et al., 1979; Baker, 1982). 
Screening was initially with two-view mammog-
raphy, CBE, and thermography, but in later years 
thermography was dropped and mammography 
use was reduced, particularly in women younger 
than 50 years. Morrison et al. (1988) estimated 
the ratios (observed to expected) for death from 
breast cancer to be 0.80 overall and 0.89, 0.76, 
and 0.74, respectively, for women aged 35–49, 
50–59, and 60–74 years at entry. [No confidence 
intervals or P values were reported.]

A case–cohort study approach was used by 
Thompson et al. (1994) to evaluate the effect of 
a mammography screening programme offered 
from 1985 to eligible members of a health main-
tenance organization in Washington State. 
Women aged 40–49 years were offered screening 
in the programme only if they had a risk factor 
for breast cancer, and women aged 50 years and 
older were invited every 1–3 years, depending on 
their risk factors; all were recommended to have 
annual CBE. A randomly selected age-strati-
fied sample representing 2.4% of women was 
selected as a subcohort to represent the experi-
ence of all women in the cohort in the analysis. 
The formal screening programme began in 1985 
and included mammography every 1–3  years 
depending on risk and annual CBE. About 10% 

of the women had been screened before imple-
mentation of the programme. By 1988 (3.5 years 
after implementation of the programme), about 
34–56% of women (depending on age) had been 
screened. The IBM relative risk adjusted for 
mother’s history of breast cancer, nulliparity, and 
history of previous breast biopsy was 0.61 (95% 
CI, 0.23–1.62) for women aged 50 years and older.

Summary
The IBM relative risks for attendance to 

screening ranged from 0.51 to 0.80 after adjust-
ment for self-selection. The lower value of 
0.46 of Tabár et al. (2001) was not adjusted for 
selection bias, and it is likely that the value of 
0.51 of Puliti & Zappa (2012) was incompletely 
adjusted for self-selection bias. The relative risks 
for the remaining studies ranged from 0.57 to 
0.80 (median, 0.60) when including only the 
largest of the substantially overlapping Swedish 
studies (Swedish Organised Service Screening 
Evaluation Group, 2006a, b). The two studies in 
the USA (RR, 0.80 for each) included CBE in the 
intervention.

(c) Women younger than 50 years or older 
than 69 years

Only studies designed to separate the effect of 
screening on breast cancer mortality in a speci-
fied age group were considered to be informative. 
To study effectiveness of screening in women 
younger than 50 years, the analysis of breast 
cancer mortality should be limited to deaths 
in women whose breast cancer was diagnosed 
when they were younger than 50  years, unless 
screening was offered only to women while they 
were younger than 50  years (see Section  4.2.1 
for discussion of age creep). Similarly, to study 
effectiveness of screening in women older than 
69 years, the analysis should be limited to women 
first offered screening when they were older than 
69 years and to breast cancer deaths that followed 
a diagnosis of breast cancer when the women were 
older than 69 years. Only results of studies that 
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meet these criteria are included in this section. 
Studies are not included that presented age-spe-
cific results for women younger than 50  years 
but included deaths from breast cancers diag-
nosed at later ages (UK Trial of Early Detection 
of Breast Cancer Group, 1999; Coldman et al., 
2014) or for women older than 69 years at death 
from breast cancer who had not been offered 
screening (Ascunce et al., 2007; Sarkeala et al., 
2008b; Kalager et al., 2010; Weedon-Fekjær et al., 
2014) or had not been first offered screening in 
this age group (Jonsson et al., 2007).

The design and results of studies reviewed for 
this section are summarized in Table 5.6, by age 
(younger than 50 years or older than 69 years) 
and by country (in the order in which their 
mammography screening programmes were 
first introduced), and within each country by 
the earliest date of mammography screening that 
was included in the analysis.

(i) Women younger than 50 years

Sweden
Jonsson et al. (2000) compared IBM in women 

with breast cancer diagnosed at age 40–49 years 
in 14 Swedish study-group areas in which popula-
tion-based mammography screening was offered 
from age 40 years and 15 control-group areas in 
which it was offered from age 50  years. These 
areas excluded five in which RCTs of screening 
had been conducted, one in which screening had 
been introduced very early, and one that offered 
screening from age 45 years. Women in the study 
group entered the study when screening started 
in their area. In both groups, mortality follow-up 
was to age 59 years, creating the possibility of lead-
time bias in the result. A geographically iden-
tical, historical reference period (1976–1986) was 
defined for the study group and for the control 
group. The estimated IBM relative risk for women 
invited to screening at age 40 years was 0.91 (95% 
CI, 0.72–1.15), compared with the geographical 
areas that started screening at age 50 years, and 

adjusting for year of follow-up, geographical 
area, and time period. [Geographical area, as 
included in the model, was not defined but is 
likely to have been highly correlated with invita-
tion to screening; therefore, the reported relative 
risk may be unreliable.]

The mammography screening experience of 
Jonsson et al. (2007) overlaps almost completely 
with that analysed by Jonsson et al. (2000), 
and also compares IBM in women invited and 
not invited to screening over unbalanced time 
periods. The IBM relative risk for invitation to 
screening in women aged 40–49 years was 0.64 
(95% CI, 0.43–0.97). [The Working Group esti-
mated the IBM relative risk to be 0.51 (95% CI, 
0.29–0.90) after adjustment for the difference in 
underlying breast cancer mortality with refer-
ence to results in the authors’ Table 3. Lead-time 
bias was estimated to be −5%.]

Hellquist et al. (2011) updated the analysis of 
Jonsson et al. (2000) and extended the period of 
accrual of breast cancer cases from 1997 to 2005. 
Women in 34 Swedish counties or screening 
areas were considered invited to screening if 
they resided when aged 40–49 years in an area 
that invited women of this age to screening (the 
same logic was applied for uninvited women in 
control areas during 1986–2005, with the same 
average follow-up time and mid-calendar year 
of follow-up). Such areas were required to have 
offered screening to women aged 40–49  years 
for at least 6  years from 1986 to 2005 (mean, 
15.8 years). Only breast cancers incident at age 
40–49 years were included. The IBM relative risk 
adjusted for misclassification of breast cancer 
cases in women invited to screening was 0.74 
(95% CI, 0.66–0.83). Assuming 1  month and 
1 year of lead time produced estimates of lead-
time bias of −0.01% and −0.05%, respectively. 
Adjusted relative risks for breast cancer deaths 
in women diagnosed at ages 40–44  years and 
45–49 years were estimated to be 0.83 (95% CI, 
0.70–1.00) and 0.68 (95% CI, 0.59–0.78), respec-
tively. Adjusted relative risks in women who 
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Table 5.6 Incidence-based mortality studies of the effectiveness of invitation to mammography screeninga mainly in women 
younger than 50 years or older than 69 years

Reference 
Country

Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Women younger than 50 years
Jonsson et 
al. (2000) 
Sweden

29 areas 
1986–1997, 
depending 
on area 
40–49 yr 
18–22 mo; 
average, 
20 mo

Invited 
2 229 000 
Not 
invited 
3 383 000

3–10 yr 
average, 
8.0 yr

1986–
1996 
Same

40–49 yr 
Same + 
10 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Same period; 
different 
areas

No (follow-
up in study 
population 
was from 
start of 
screening 
in each 
area; in 
control 
population, 
it was from 
1987)

Year of 
follow-up, 
area, time 
period

0.91 
(0.72–1.15)

Lead-
time bias 
estimated 
to be 
−0.4%, and 
inclusion 
bias −3% 
RR was 
0.97 after 
excluding 
> 8 yr of 
follow-up 
from control 
group

Jonsson et 
al. (2007) 
Sweden

4 counties 
1989 
40–49 yr 
average, 
20–22 mo

Invited 
485 468 
Not 
invited 
387 173

7 yr 1989–
1996 
Same + 
5 yr

40–49 yr 
Same + 
10 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Different 
period 
(accrual 
1989–1996 for 
study group, 
1988–1996 
for control 
group); 
different 
areas

No (study 
group 
follow-up 
to 2001, 
control 
group to 
1998)

Not stated [0.51 
(0.29–0.90)d]

RR adjusted 
by the 
Working 
Group for 
difference in 
underlying 
breast 
cancer 
mortality. 
Lead-
time bias 
estimated to 
be −5%
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Reference 
Country

Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Hellquist 
et al. (2011) 
Sweden

34 areas 
1986–1997, 
depending 
on area 
40–49 yr 
18 mo

Invited 
6 994 421 
Not 
invited 
8 843 852

6–20 yr 1986–
2005 
Same

40–49 yr 
40–68 yr

Individual 
for women 
who died 
of breast 
cancer; 
aggregate, 
all other 
women

Same period; 
different 
areas (3 of 34 
areas changed 
status)

Yes Breast cancer 
cases in 
study-group 
women 
known not 
to have been 
invited to 
screening; 
contamination 
in control 
group

Invited to 
screening: 
[0.79 
(0.67–0.92)] 
Ever 
screened: 
[0.76 
(0.64–0.89)d]

RR adjusted 
for pre-
screening 
differences 
in breast 
cancer 
mortality. 
Lead-
time bias 
estimated to 
be −0.01% to 
−0.05%

Hakama et 
al. (1995) 
Finland

City of 
Kotka 
1982 
40–51 yr 
2 yr

Invited 
to 
screening 
38 220 
Attended 
screening 
32 910 
Not 
screened 
56 233

8–9 yr 1982–
1990 
Same + 
1 yr

40–54 yr 
40–55 yr

Yes Same period; 
same area

Yes Age Invited to 
screening: 
0.11 
(0.00–0.71) 
Attended 
screening: 
0.10 
(0.00–0.53)

Screening 
included 
CBE. Lead-
time bias 
possible. 
RR based 
on 1 breast 
cancer 
death. 
Programme 
sensitivity 
estimated to 
be 25%

Table 5.6   (continued)
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Reference 
Country

Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Women older than 69 years
Jonsson et 
al. (2003b) 
Sweden

23 areas 
1986–1990, 
depending 
on area 
70–74 yr 
22.8 mo

Invited 
1 251 000 
Not 
invited 
580 000

8–12 yr 
average, 
8.1 yr

1986–
1998 
Same

70–74 yr; 
Same + 
12 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Same period; 
different 
areas

Yes Age during 
follow-up, 
area, time 
period

Underlying 
cause of 
death: 
0.96 
(0.73–1.25) 
Excess 
mortality 
estimate: 
0.84 
(0.59–1.19)

RR adjusted 
for both 
inclusion 
bias and 
lead-time 
bias was 
estimated to 
be 0.93 for 
underlying 
cause of 
death and 
0.78 for 
excess 
mortality 
(95% CIs not 
reported)

Van Dijck 
et al. (1997) 
The 
Netherlands

2 cities 
1977 
68–83 yr 
2 yr

Invited 
60 313 
Not 
invited 
61 832

13 yr 1977–
1990 
Same

68–95 yr 
68–95 yr

Individual 
for breast 
cancer 
cases; 
aggregate, 
all other 
women

Same period; 
different 
cities

Yes Difference in 
underlying 
risk of breast 
cancer in the 
2 cities

[0.89 
(0.56–1.40)]

Women first 
invited to 
screening at 
age 68 yr or 
older; 46% 
of invited 
women 
screened 
once or 
more

Table 5.6   (continued)
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Reference 
Country

Areas, 
earliest 
year of 
programme 
screening, 
screening 
age, 
screening 
interval

Person–
yearsb

Duration 
of 
screening

Accrual 
and 
follow-
up 
periods

Diagnosis 
and death 
age ranges

Individual 
or 
aggregate 
data

Temporal 
and 
geographical 
similarity of 
comparison 
group

Time-
balanced 
follow-up 
periods?

Adjustments Breast 
cancer 
mortality 
RR 
(95% CI)c

Comments

Coldman 
et al. (2014) 
Canada

7 provinces 
1990 
70–79 yr 
No recall 
after 69 yr

Screened 
and not 
screened 
at all ages 
20 200 000 
(Analysis 
for 
screening 
70–79 yr 
based 
on 4 of 7 
provinces)

1–20 yr, 
all women 
not 
known, 
women 
70–79 yr

1990–
2009 
Same

70–99 yr 
Same

Individual 
for 
screened 
women; 
aggregate 
for 
unscreened 
women

Same 
period; same 
population

Yes Age 0.65 
(0.56–0.74)

Not adjusted 
for self-
selection 
bias (see 
Table 5.5). 
Analysis 
based on 
age at first 
participation 
in organized 
screening; 
previous 
opportunistic 
screening 
cannot be 
excluded

a  Two studies evaluated invitation to mammography plus CBE.
b  Person–years: number of women or number of breast cancer deaths.
c  RRs are for breast cancer as the underlying cause of death when alternative estimates (e.g. excess mortality) are also provided.
d  RRs and 95% CIs adjusted for trend or geographical difference in underlying mortality were calculated as ratio of the authors’ estimated RRs comparing screening area with control 
period or area; 95% CI of ratio estimated using the method in Altman & Bland (2003) as implemented in http://www.hutchon.net/CompareRR.htm. With reference to Hellquist et al. 
(2011), see also Weedon-Fekjær et al. (2014).
CI, confidence interval; mo, month or months; RR, relative risk; yr, year or years.

Table 5.6   (continued)
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attended screening were 0.71 (95% CI, 0.62–0.80), 
0.82 (95% CI, 0.67–1.00), and 0.63 (95% CI, 
0.54–0.75) for the age groups 40–49, 40–44, and 
45–49  years, respectively. These estimates were 
made by adjusting the estimates for invitation 
to screening using the method of Cuzick et al. 
(1997). The above estimates were not adjusted 
for a pre-screening difference in breast cancer 
mortality (RR, 0.94; 95% CI, 0.85–1.05) between 
screening and non-screening areas; taking this 
into account, the Working Group calculated an 
IBM relative risk of [0.79 (95% CI, 0.67–0.92)] for 
invited women and [0.76 (95% CI, 0.64–0.89)] for 
women who were ever screened using a method 
developed by Altman & Bland (2003).

Finland
Mammography was initiated on a pilot basis 

in Finland in the early 1980s. Women born in 
1940 or 1942 were invited to attend screening 
with mammography and CBE in 1982; women 
born in 1936 or 1938 were invited in 1983, and 
thus they were aged 40–47 years at entry. They 
were re-invited every 2 years until 1990 (a total of 
four or five invitations), and women were consid-
ered to be non-attenders if they did not attend the 
first round. Women born in alternate years from 
1935 to 1943 were used as a control cohort. The 
IBM relative risk was 0.11 (95% CI, 0.00–0.71) 
for invitation to screening and 0.10 (95% CI, 
0.00–0.53) for attendance to screening (Hakama 
et al., 1995). [The Working Group agreed with the 
authors’ opinion that an estimated programme 
sensitivity of 25% was too low for programme 
effectiveness to be the sole explanation for the 
very low relative risk.]

Summary
The Swedish study of Hellquist et al. (2011) 

encompassed the whole screening experience 
covered by Jonsson et al. (2000) and Jonsson et 
al. (2007) and provided IBM relative risks of 0.74 
(95% CI, 0.66–0.83) for being invited to screening 
and 0.71 (0.62–0.80) for being ever screened. No 

weight was given to the very low relative risk that 
Hakama et al. (1995) observed, because it was 
based on only one death and appears incompat-
ible with the estimated screening programme 
sensitivity of 25%.

(ii) Women older than 69 years

Sweden
The results of Jonsson et al. (2003b) are 

similar to those of Jonsson et al. (2000), except 
that the analysis was based on first invitation 
to screening of women aged 65–74  years and 
covered 23 areas (16 study-group areas and 7 
control-group areas) and not 29; the additional 
exclusions were principally counties in which 
screening did not begin until after 1990. The 
mean follow-up time was 10.1 years in the study 
group (8.1 years if estimated individual date of 
first screening was used, and not date of start 
of the screening programme in each area) and 
9.3  years in the control group. Breast cancer 
deaths included in the analysis were only those 
that followed a diagnosis of breast cancer at age 
70–74 years. The IBM relative risk for invitation 
to screening was 0.96 (95% CI, 0.73–1.25) when 
breast cancer mortality was based on underlying 
cause of death and adjusted for the difference in 
underlying mortality between the study-group 
and control-group areas. With further adjust-
ment for inclusion bias and lead-time bias, the 
relative risk was 0.93 (95% CI not reported). The 
authors argued that the underlying cause of death 
may have been a particularly inaccurate classifier 
of mortality due to breast cancer in older women 
and that an excess mortality estimate would 
be more accurate. The corresponding excess 
mortality estimate of the relative risk was 0.84 
(95% CI, 0.59–1.19) adjusted for the difference in 
underlying mortality between the study-group 
and control-group areas; with further adjust-
ment for inclusion bias and lead-time bias, the 
relative risk was 0.78.
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Jonsson et al. (2007) also reported on IBM 
associated with invitation to screening at age 
70–74 years. However, the two screening counties 
in this study were also study-group (screening) 
counties in the Jonsson et al. (2003b) study, and 
the periods covered by the two studies were nearly 
the same. Therefore, Jonsson et al. (2007) was not 
considered to provide independent evidence.

The Netherlands
Van Dijck et al. (1997) reported on IBM in 

women first invited to mammography screening at 
age 68–83 years in the city of Nijmegen compared 
with that in the city of Arnhem over an accrual 
and follow-up period of 1977–1990. Attendance 
rates in Nijmegen fell sharply with age, from 
approximately 70% in women in their late sixties 
to about 40% in those in their seventies and to 
less than 20% for the first round and less than 
10% for the second and later rounds in women 
in their eighties and nineties. Screening began in 
Arnhem in 1989. The IBM relative risk for invita-
tion to screening over the whole study period was 
estimated to be 0.80 (95% CI, 0.53–1.22), which 
became [0.89 (95% CI, 0.56–1.40)] when adjusted 
for the estimated difference in underlying breast 
cancer mortality between Nijmegen and Arnhem 
(see Table 5.6). For the period 9–13 years after the 
start of screening, the IBM relative risk estimate 
was 0.53 (95% CI, 0.27–1.04), and 0.59 (95% CI, 
0.30–1.16) after adjusting for the difference in 
underlying breast cancer mortality.

Canada
In the Canadian provincial mammography 

screening programmes (Coldman et al., 2014), 
the relative risk for women first screened at age 
70–79 years was 0.65 (95% CI, 0.56–0.74) in the 
four provinces that offered screening to women in 
this age group. The province-specific relative risks 
varied from 0.63 (95% CI, 0.49–0.76) to 0.84 (95% 
CI, 0.36–1.31). The authors estimated that self-se-
lection bias was conservative (−9% in an analysis 
limited to women aged 40–49  years in British 

Columbia). [This estimate may not be appli-
cable to screening of women aged 70–79 years. 
Also, opportunistic breast screening before first 
screening in the provincial programmes could 
have affected the reported results, particularly in 
the age group 70–79 years.]

Summary
Three studies reported potentially valid esti-

mates of IBM relative risks for breast cancer 
mortality in women older than 69  years: one 
for the age group 68–83 years (Van Dijck et al., 
1997), one for 65–74 years (Jonsson et al., 2003b), 
and one for 70–79 years (Coldman et al., 2014). 
The reported relative risks, of 0.89 (95% CI, 
0.56–1.40) by Van Dijck et al. (1997), 0.96 (95% 
CI, 0.73–1.25) by Jonsson et al. (2003b), and 0.65 
(95% CI, 0.56–0.74) by Coldman et al. (2014), are 
heterogeneous. However, the heterogeneity is 
reduced if the excess mortality estimate of the 
relative risk, 0.84 (95% CI, 0.59–1.19), of Jonsson 
et al. (2003b) is accepted as the more accurate 
estimate from that study. Lack of adjustment 
for self-selection bias and lack of consideration 
of possible effects of previous opportunistic 
screening limit the weight that can be given to 
the result of Coldman et al. (2014).

5.2.2 Case–control studies

The reported case–control studies are 
presented by country in the text and tables. All 
case–control studies are based on defined popu-
lations, but some of these are specific cohorts, 
with the methods of analysis being a case–
control study nested within the cohort. In many 
case–control studies, the risk estimates are calcu-
lated for women who participated in screening 
compared with women who had been invited (or 
to whom screening was otherwise offered) but 
who did not participate. The non-participating 
women may have a different risk of death from 
breast cancer compared with the average popu-
lation (Cuzick et al., 1997; Duffy et al., 2002a; 
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Swedish Organised Service Screening Evaluation 
Group, 2006a; Sarkeala et al., 2008a, b), so this 
may result in selection bias. If the case–control 
study is based on systematic historical databases 
on screening, information bias can be consid-
ered minimal. However, in other case–control 
studies, information bias may be a problem. 
Rather few case–control studies have assessed 
screening impact compared with expectation 
in the absence of screening (or invitation) in the 
average population, as is usually done in cohort 
mortality studies. There are further limitations 
in the reported case–control studies in taking 
into account full screening histories in the risk 
estimates, and consequently there is wide varia-
tion in the follow-up windows for incidence and 
mortality after index screening. This potentially 
affects the magnitude of the estimates, even 
though these follow-up details are not always 
reported in connection with the individual 
studies. Some studies used only age at death in 
matching, whereas most studies also matched on 
residence at the time of diagnosis of the case. In 
addition, since the risk of breast cancer could be 
different among women who attend screening 
after receiving an invitation compared with 
those who are invited but do not attend, selection 
factors may confound the estimates of efficacy. 
A potential asset in case–control studies is that 
an adjustment for sociodemographic factors can 
also be attempted.

(a) Case–control studies within service 
screening programmes

See Table 5.7.

(i) United Kingdom
Allgood et al. (2008) performed a case–

control study in the East Anglia region. The cases 
were deaths from breast cancer in women diag-
nosed between the ages of 50 years and 70 years, 
after the initiation of the East Anglia Breast 
Screening Programme in 1989. The controls were 
women (two per case) who had not died of breast 

cancer, from the same area, matched by date of 
birth to the cases. Each control was known to 
be alive at the date of death of her matched case. 
All women were known to the breast screening 
programme and had been invited, at least once, 
to be screened. The unadjusted odds ratio for 
risk of death from breast cancer in women who 
attended at least one routine screen compared 
with those who did not attend was 0.35 (95% CI, 
0.24–0.50), and 0.65 (95% CI, 0.48–0.88) after 
adjusting for self-selection bias using the more 
conservative intention-to-treat analysis (Duffy et 
al., 2002a).

Fielder et al. (2004) conducted a case–control 
study to estimate the effect of service screening, 
as provided by the NHS Breast Screening 
Programme, on breast cancer mortality in 
Wales. The 419 cases were deaths from breast 
cancer in women aged 50–75 years at diagnosis 
who were diagnosed after the start of screening 
in 1991 and who died after 1998. The 717 controls 
were women who had not died of breast cancer 
or any other condition during the study period. 
The aim was to select one control from the same 
general practitioner’s practice and another from 
a different general practitioner’s practice within 
the same district, matched by year of birth. The 
unadjusted odds ratio for risk of death from 
breast cancer in women who attended at least 
one routine screen compared with those who had 
never been screened was 0.62 (95% CI, 0.47–0.82), 
and 0.75 (95% CI, 0.49–1.14) after excluding cases 
diagnosed before 1995 and adjusting for self-se-
lection bias.

(ii) Iceland
Gabe et al. (2007) conducted a case–control 

study to evaluate the impact of the Icelandic 
breast screening programme, which was initiated 
in November 1987 in Reykjavik and covered the 
whole country from December 1989, comprising 
biennial invitation to mammography screening 
for women aged 40–69  years. The cases were 
deaths from breast cancer matched by age and 
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330 Table 5.7 Case–control studies of the effectiveness of mammography screening within service screening programmes, by 
country

Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer 
deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion 
of eligible 
women 
included

Screening 
exposure; age 
of included 
women

No. of controls, 
source, whether 
same source 
population as 
cases, matching 
variables, alive at 
date of death or 
diagnosis of case

Linkage or use 
of screening, 
cancer registry, 
death databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

United Kingdom
Allgood et 
al. (2008)

East Anglia 
1989 
50–70 yr active, 
≥ 70 yr allowed 
3-yearly 
Women 
registered with 
GP

284 
East Anglia 
cancer 
registry 
database 
1995–2004 
from 1995 
16 deaths 
excluded

At least 1 
invitation 
to breast 
screening 
50–70 yr

568 
NHS Exeter system 
database 
Same source as 
cases 
DOB; most were 
from same health 
authority as case 
Alive at DOD of 
case

All 3 
DOB, date of 
diagnosis, DOD, 
screening history 
(time since last 
screen, number 
of screens)

Prevalent 
cases were 
minimized 
by restricting 
to deaths and 
diagnoses 
from 1995, 6 yr 
after start of 
programme

SES, self-
selection bias 
using method 
of Duffy et al. 
(2002a)

0.65 (0.48–0.88) 
for at least 1 
screen

Fielder et 
al. (2004)

Wales 
1989 
50–75 yr 
3-yearly 
Women 
registered 
with GP and 
identified 
in health 
authority 
registers

419 
Breast 
Test Wales 
database and 
“standard 
death 
registration” 
1998–2001 
from 1991 
84%

At least 1 
invitation 
before date 
of diagnosis 
or pseudo-
diagnosis 
50–75 yr

717 
Database of 
those eligible for 
screening in Breast 
Test Wales 
Year of birth; 1 
control from same 
GP and 1 from 
other GP 
Alive at time of 
diagnosis of case

Breast Test Wales 
for screening 
history and 
breast cancer 
diagnoses 
Year of birth, 
date of diagnosis, 
screening history 
(time since last 
screen, number 
of screens)

All cancers 
diagnosed 
early in the 
programme 
in 1991–1994 
excluded; 
controls with 
breast cancer 
diagnosis were 
eligible

Self-selection 
bias using 
method of 
Duffy et al. 
(2002a)

0.75 (0.49–1.14) 
for at least 1 
screen
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer 
deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion 
of eligible 
women 
included

Screening 
exposure; age 
of included 
women

No. of controls, 
source, whether 
same source 
population as 
cases, matching 
variables, alive at 
date of death or 
diagnosis of case

Linkage or use 
of screening, 
cancer registry, 
death databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

Iceland
Gabe et al. 
(2007)

1987 
40–69 yr 
2-yearly 
All women in 
age group

226 
Source not 
stated 
1990–2002 
from start 
of service 
screening 
7 deaths 
before 1990 
excluded

Ever screened 
before date 
of diagnosis 
or pseudo-
diagnosis 
40–70+ yr

902 
National registry 
Same source as 
cases 
DOB, screening 
area 
Alive at DOD of 
case

Probably the 
national cancer 
and screening 
registries 
DOB, date 
of diagnosis, 
DOD, urban/
rural residence, 
screening history 
(time since last 
screen, number 
of screens)

Excluded 7 
deaths before 
1990; screening 
history 
excluded after 
diagnosis 
for controls 
diagnosed with 
cancer

Self-selection 
bias using 
method of 
Duffy et al. 
(2002a), and 
screening 
opportunity 
bias

0.65 (0.39–1.09)

The Netherlands
Broeders et 
al. (2002)

Nijmegen 
1975 
50–69 yr until 
1997; 50–74 yr 
thereafter 
2-yearly 
All women

157 
Screening 
registry 
1987–1997 
Last 10 yr 
of the 
programme 
NR

At least 1 
invitation 
50–74 yr

785 
Same source 
population as cases 
Alive and residing 
in Nijmegen 
at DOD of 
case, invited to 
participate in the 
index screening 
round, free of breast 
cancer at their 
index invitation

Data on 
invitation and 
participation 
were kept in 
the screening 
registry

Analysis 
includes only 
women who 
attended 
screening

Age at 
screening

0.68 (0.33–1.41) 
By age: 
40–49 yr:  
0.90 (0.38–2.14) 
50–59 yr:  
0.71 (0.35–1.46) 
60–69 yr:  
0.80 (0.42–1.54) 
70–79 yr:  
1.13 (0.50–2.58) 
> 79 yr:  
2.92 (0.55–15.4)

Table 5.7   (continued)
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer 
deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion 
of eligible 
women 
included

Screening 
exposure; age 
of included 
women

No. of controls, 
source, whether 
same source 
population as 
cases, matching 
variables, alive at 
date of death or 
diagnosis of case

Linkage or use 
of screening, 
cancer registry, 
death databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

van Schoor 
et al. (2011)

Nijmegen 
1975 
Invitations sent 
to women aged 
≥ 35 yr

282 
Women 
invited to the 
screening 
programme in 
Nijmegen 
NR 
1975–2008 
191 cases 
were screened 
and 91 not 
screened

Screening 
invitation 
during a 4-yr 
period before 
breast cancer 
diagnosis of the 
case (biennial 
screening 
schedule 
including 2 
consecutive 
invitations) 
50–69 yr

1410 
Same source as 
cases 
Eligible for 
screening, not 
having breast 
cancer at the time 
of invitation, and 
living in Nijmegen 
at DOD of case; 5 
per case randomly 
sampled

Separate registry 
on all breast 
cancer patients 
in Nijmegen 
diagnosed within 
and outside 
the screening 
programme 
Vital status from 
the Municipal 
Personal Records 
Database 
Assessments of 
causes of death 
by a committee 
of physicians 
unaware of the 
screening history

Including an 
interaction 
term, the 
combination 
of screening 
and calendar 
year, in 
the logistic 
regression 
model; 
corrected 
for the 
confounding 
influence of 
age at index 
invitation by 
stratification 
into 5-yr age 
groups

By calendar 
period: 
1975–2008:  
0.65 (0.49–0.87) 
1975–1991:  
0.72 (0.47–1.09) 
1992–2008:  
0.35 (0.19–0.64)

Table 5.7   (continued)
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer 
deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion 
of eligible 
women 
included

Screening 
exposure; age 
of included 
women

No. of controls, 
source, whether 
same source 
population as 
cases, matching 
variables, alive at 
date of death or 
diagnosis of case

Linkage or use 
of screening, 
cancer registry, 
death databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

Paap et al. 
(2010)

Limburg 
Province 
1989 
50–75 yr 
every 2 yr 
Women aged 
50–75 yr who 
received at least 
1 invitation to 
screening in 
the region

118 
Women 
invited to 
screening in 
IKL region 
Deaths 
between 2004 
and 2005 
Years of 
diagnosis NR 
Proportion of 
eligible cases 
included NR

Received 
at least 1 
invitation to 
the service 
screening 
programme 
50–75 yr

118 
Same source 
population as cases 
Matched for year 
of birth and area of 
residence 
Alive at DOD of 
case

IKL includes 
a screening 
registry and a 
cancer registry 
Cause of death 
was determined 
by linkage 
to Statistics 
Netherlands 
For cases, DOD, 
DOB, date of 
diagnosis

For cases 
and controls, 
complete 
screening 
history was 
obtained from 
the screening 
registry. 
Controls with 
breast cancer 
diagnosis 
at time of 
invitation to 
screening were 
excluded

Self-selection 
bias

0.24 (0.10–0.58)

Table 5.7   (continued)
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer 
deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion 
of eligible 
women 
included

Screening 
exposure; age 
of included 
women

No. of controls, 
source, whether 
same source 
population as 
cases, matching 
variables, alive at 
date of death or 
diagnosis of case

Linkage or use 
of screening, 
cancer registry, 
death databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

Paap et al. 
(2014)

(5 of 9 
screening 
regions) 
1990 
50–74 yr 
2-yearly 
All women

1233 
Netherlands 
Cancer 
Registry 
2004 or 2005 
from start 
of service 
screening  
Proportion 
NR

Screened at 
index invitation 
(most recent 
before 
diagnosis of 
case) or the 
preceding 
screening 
round 
50–75 yr

2090 
Women in 5 regions 
with at least 1 
screening invitation 
Same source as 
cases 
Year of birth, 
area of residence, 
screening invitation 
in same round 
as case index 
invitation 
Alive at DOD of 
case

All 3 
DOB, date of 
diagnosis, DOD, 
screening history 
(time since last 
screen, number 
of screens)

Screening 
participation 
restricted to 
maximum 2 
rounds

Self-selection 
bias using 
correction 
factor for 
each region 
based on 
IBM method 
(Paap et al., 
2011), and 
for screening 
opportunity 
bias (control 
matched to 
screening 
round of index 
invitation of 
case)

0.42 (0.33–0.53)

Table 5.7   (continued)
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer 
deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion 
of eligible 
women 
included

Screening 
exposure; age 
of included 
women

No. of controls, 
source, whether 
same source 
population as 
cases, matching 
variables, alive at 
date of death or 
diagnosis of case

Linkage or use 
of screening, 
cancer registry, 
death databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

Otto et al. 
(2012b)

South-western 
region 
1990 
50–69 yr 
(extended to 
75 yr in 1998)  
24.5 mo 
All female 
residents

755 
Cohort of 
women 
invited by 
the screening 
organization 
in south-
western 
Netherlands 
1995–2003  
1990–2003  
98.6%

Index period: 
time period 
from index 
invitation 
backward to a 
maximum of 
2 invitations 
before the index 
invitation; 
total number 
of invitations 
varied from 1 
to 3 per case–
control set 
50–75 yr

3739 
Same source as 
cases 
5 controls per case, 
matched on year 
of birth, year of 
first invitation, 
and number of 
invitations before 
diagnosis of case

Linkage with 
cause of death 
registry and 
cancer registry, 
Comprehensive 
Cancer Centre 
Rotterdam, 
and Statistics 
Netherlands

Screening 
histories for all 
women ever 
invited to a 
mammography 
screening 
examination 
were 
systematically 
retrieved 
from the same 
database

Self-selection 
bias

49–75 yr:  
0.51 (0.40–0.66) 
50–69 yr:  
0.61 (0.47–0.79) 
50–75 yr:  
0.52 (0.41–0.67) 
70–75 yr:  
0.16 (0.09–0.29)

Italy
Puliti et al. 
(2008)

Northern and 
central Italy, 5 
regions 
1990 
50–69 yr 
2-yearly

1750 
Regional 
mortality 
registers 
1988–2002 
from year 
before start 
of service 
screening to 
end of 2001 
Proportion 
NR

Any service 
screen 
before date 
of diagnosis 
or pseudo-
diagnosis 
50–74 yr

7000 
All women 
50–69 yr resident 
in the selected areas 
for any period of 
time 
Same source as 
cases 
DOB and 
resident in the 
municipality in 
year of death of 
subject

IMPACT 
database used 
cancer, screening, 
and mortality 
registers 
DOB, screening 
history 
(screening in 3 yr 
before diagnosis 
of case, number 
of screens)

Not-yet-
invited women 
included in 
unscreened; 
free of breast 
cancer 
diagnosis 
before 
diagnosis date 
of case

Self-selection 
bias using 
method of 
Duffy et 
al. (2002a) 
and own 
correction 
factor

0.55 (0.36–0.85)

Table 5.7   (continued)
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer 
deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion 
of eligible 
women 
included

Screening 
exposure; age 
of included 
women

No. of controls, 
source, whether 
same source 
population as 
cases, matching 
variables, alive at 
date of death or 
diagnosis of case

Linkage or use 
of screening, 
cancer registry, 
death databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

Australia
Roder et al. 
(2008)

South Australia 
1989 
50–69 yr active; 
40–49 yr and 
≥ 70 yr allowed 
2-yearly

491 
South 
Australia 
Cancer 
Registry 
2002–2005 
from 1994 
94%

BreastScreen 
attendance 
before date 
of diagnosis 
or pseudo-
diagnosis 
45–80 yr

1473 
Electoral roll 
Same source as 
cases

All 3 
DOB, screening 
history (number 
of screens)

Date of 
breast cancer 
diagnosis for 
case; only 
if date of 
diagnosis in 
controls later 
than in case

SES, 
remoteness, 
access (ARIA)

0.59 (0.47–0.74) 
0.70 (NR) 
adjusted for self-
selection bias

Nickson et 
al. (2012)

Western 
Australia 
mid-1990s 
50–69 yr active; 
40–49 yr 
allowed 
2-yearly

427 
Western 
Australia 
Cancer 
Registry 
1995–2006 
from 1995 
Proportion 
NR

Receiving 
a screening 
mammogram 
between age 
50 yr and 
reference date 
50–69 yr

Average 8.5 controls 
per case 
Electoral roll 
1995–2006 
Same source 
population as cases 
Month and year 
of birth of case; 
Western Australia 
resident at time of 
diagnosis of cases 
Alive at DOD of 
case

All 3 
DOB, date of any 
cancer diagnosis, 
DOD, screening 
history (year of 
first screen)

Earliest 
breast cancer 
diagnosis in 
case–control 
set; women 
were excluded 
if they had a 
screen before 
age 50 yr

SES, 
remoteness, 
HRT use, 
family history 
of breast 
cancer

0.48 (0.38–0.59)

ARIA, Accessibility/Remoteness Index of Australia; CI, confidence interval; DOB, date of birth; DOD, date of death; GP, general practitioner; HRT, hormone replacement therapy; IBM, 
incidence-based mortality; IKL, Comprehensive Cancer Centre Limburg; mo, month or months; NHS, National Health System; NR, not reported; OR, odds ratio; SES, socioeconomic 
status; yr, year or years.

Table 5.7   (continued)
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screening area to population-based controls. 
The unadjusted odds ratio for risk of death from 
breast cancer in women who attended at least 
one screen compared with those who had never 
been screened was 0.59 (95% CI, 0.41–0.84), and 
0.65 (95% CI, 0.39–1.09) after correction for both 
self-selection bias and screening opportunity 
bias.

(iii) The Netherlands
Broeders et al. (2002) conducted a case–control 

study to describe the effect of population-based 
mammography screening in Nijmegen on breast 
cancer mortality, based on a 20-year follow-up 
period. The risk of death from breast cancer was 
calculated per 10-year moving age group for 
women who had attended the index screening 
(the screening immediately before diagnosis of 
breast cancer) versus those who had not. Odds 
ratios were presented by age group for both 
participation in index screening (see Table  5.7) 
and participation in either the index screening 
or the previous screening, or both; none showed 
a statistically significant effect. The youngest 
10-year age group that showed an effect was 
women aged 45–54 years at their index screening; 
the odds ratio in women aged 45–49 years was 
0.56 (95% CI, 0.20–1.61). The odds ratios for 
women aged 40–49  years were 0.90 (95% CI, 
0.38–2.14) for participation in the index screening 
and 0.84 (95% CI, 0.30–2.29) for participation in 
the index screening and the previous screening. 
The corresponding odds ratios for women aged 
70–79  years were 1.13 (95% CI, 0.50–2.58) and 
0.70 (95% CI, 0.32–1.54). There was no limitation 
in these analyses as to age at first attendance to 
screening. [This analysis overlaps partly with that 
of van Schoor et al. (2010) (see Section 5.2.2b).]

By 2008, 55 529 women had received an invi-
tation to screening in Nijmegen, and another 
case–control study was performed (van Schoor et 
al., 2011). The odds ratio for breast cancer death 
in the screened group over the complete period 
was 0.65 (95% CI, 0.49–0.87). Analyses were also 

performed by calendar period of index invitation 
to screening (see Table 5.7). [It is unclear why the 
numbers analysed for the two screening periods 
are so much less than the overall total of cases 
and controls included in this study.]

Paap et al. (2010) designed a case–control 
study to investigate the effect of mammography 
screening at the individual level. The study popu-
lation included all women aged 50–75  years in 
Limburg Province who had been invited to the 
screening programme in 1989–2006. The unad-
justed odds ratio for the screened versus the 
unscreened women was 0.30 (95% CI, 0.14–0.63), 
and 0.24 (95% CI, 0.10–0.58) after adjustment for 
self-selection. [This analysis includes only deaths 
in the most recent screening years. Deaths in the 
period from inception of the programme in 1989 
until 2003 were not included.]

Paap et al. (2014) estimated the effect of the 
Dutch screening programme on breast cancer 
mortality by means of a large multiregion 
case–control study. They identified all breast 
cancer deaths in 2004 and 2005 in women aged 
50–75 years who had received at least one invi-
tation to the service screening programme in 
five participating screening regions. Cases were 
individually matched to controls from the popu-
lation invited to screening. Conditional logistic 
regression was used to estimate the odds ratio 
of breast cancer death according to individual 
screening history. The unadjusted odds ratio for 
breast cancer death in screened versus unscreened 
women was 0.48 (95% CI, 0.40–0.58), and 0.42 
(95% CI, 0.33–0.53) after adjustment for self-se-
lection bias using regional correction factors for 
the difference in the baseline risk of breast cancer 
death between screened and unscreened women.

Otto et al. (2012b) conducted a case–control 
study in the south-western region of the 
Netherlands for the period 1995–2003, including 
women aged 49–75 years. There was no restric-
tion with respect to age at first invitation. The 
all-age odds ratio for the association between 
attending screening at the index invitation and 
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risk of breast cancer death was 0.56 (95% CI, 
0.44–0.71), and 0.51 (95% CI, 0.40–0.66) for 
women attending any of the three screening 
examinations (for analyses by age at the index 
invitation, see Table 5.7).

(iv) Italy
Puliti et al. (2008) conducted a case–control 

study to evaluate the impact of service screening 
programmes on breast cancer mortality in 
five regions of Italy. The odds ratio for invited 
women compared with not-yet-invited women 
was 0.75 (95% CI, 0.62–0.92). When the analyses 
were restricted to invited women, the odds ratio 
for screened women compared with never-re-
spondent women, corrected for self-selection 
bias, was 0.55 (95% CI, 0.36–0.85).

(v) Australia
Roder et al. (2008) conducted a case–

control study of women in South Australia aged 
45–80 years during 2002–2005 (diagnosed after 
the start of BreastScreen Australia) and live 
controls (three per death) randomly selected 
from the state electoral roll after date-of-birth 
matching. The programme has provided bien-
nial screening, with two-view mammography 
and double reading, since its inception. It actively 
targets women aged 50–69  years and allows 
access to women aged 40–49  years and those 
aged 70 years and older. The odds ratio for breast 
cancer death in all BreastScreen participants 
compared with non-participants was 0.59 (95% 
CI, 0.47–0.74). The corresponding odds ratio 
in women younger than 50  years at diagnosis 
was 1.18 (95% CI, 0.70–1.98) and in those aged 
70 years and older at diagnosis was 0.43 (95% CI, 
0.25–0.72). Compared with non-participants, 
the odds ratio was 0.70 (95% CI, 0.47–1.05) for 
women last screened through BreastScreen more 
than 3 years before diagnosis of the index case, 
and 0.57 (95% CI, 0.44–0.72) for women screened 
more recently.

Nickson et al. (2012) conducted another case–
control study within BreastScreen Australia, 
in which women aged 50–69 years on the elec-
toral roll (98.9% of the eligible population) are 
invited to attend screening. Eligible women were 
those aged 50  years and older on the Western 
Australian electoral roll between 1995 and 2006. 
The cases were women from this population who 
died of breast cancer between 1995 and 2006. 
Controls (10 per case) were selected by incidence 
density sampling from the source population 
(those with a breast cancer diagnosis were not 
excluded). Exposure to screening was defined 
as receipt of a screening mammogram from 
BreastScreen at any point between the woman’s 
50th birthday and the case–control set reference 
date (the date of earliest breast cancer diagnosis 
for that set; for 89%, this was the date of diag-
nosis of the case); 56% of controls and 39% of 
cases attended screening. The odds ratio from the 
primary analyses (adjusted for remoteness and 
relative socioeconomic disadvantage) was 0.48 
(95% CI, 0.38–0.59). The odds ratio was found to 
vary little by reference age group or year of death 
and was robust to sensitivity analyses.

(b) Other case–control studies

See Table 5.8.

(i) The Netherlands
In 1974, de Waard et al. (1984a) set up a 

population-based study of periodic screening by 
xeromammography of women aged 50–64 years 
in Utrecht; 72% of invited women attended the 
first of four rounds. The effect of the programme 
on breast cancer mortality was evaluated in a 
nested case–control study, which showed an 
odds ratio for breast cancer mortality in women 
who had ever been screened of 0.30 (95% CI, 
0.13–0.70) compared with those who had never 
been screened (Collette et al., 1984). The odds 
ratios for women aged 50–54, 55–59, 60–64, and 
65–69 years at diagnosis were 1.13, 0.31, 0, and 
0.10, respectively. [These estimates were based on 
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Table 5.8 Other case–control studies of the effectiveness of mammography screening

Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion of 
eligible women 
included

Screening 
exposure; age 
of included 
women

No. of 
controls, 
source, 
whether 
same source 
population 
as cases, 
matching 
variables, alive 
at date of death 
or diagnosis of 
case

Linkage 
or use of 
screening, 
cancer 
registry, 
death 
databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

The Netherlands
Collette et 
al. (1984)

Utrecht  
1974 
50–64 yr at 
the start of the 
project 
All women 
born in 
1911–1925 
(72% attended 
screening)

46 
Birth cohort under 
study 
1974–1981 
Screening at the 
first visit and after 
12, 18, and 24 mo 
20% screened

Screening at 
first visit and 
after 12, 18, 
and 24 mo 
50–64 yr 
50–54 yr

138 
Birth cohort 
under study, 
same source 
3 controls for 
each case, lived 
in Utrecht 
when the case 
died and same 
year of birth as 
case 
43% screened

All breast 
cancer 
patients 
included in 
breast cancer 
registry; 
dates of 
diagnosis 
checked 
with general 
practitioners’ 
registries

Screening 
histories of 
cases and 
controls for the 
time up to and 
including date 
of diagnosis of 
case

Stratification by birth 
cohort or age

0.30 (0.13–0.70)

Miltenburg 
et al. (1998)

Utrecht 
1974–1975 
≤ 2 yr 
All women 
born in 
1911–1925

177 
Birth cohort under 
study 
1975–1992 
NR

At 1, 1.5, 2, 
and 4 yr 
50–64 yr

531 
Birth cohort 
under study, 
same source 
3 per case, 
same birth 
year, living 
in Utrecht in 
1974, selected 
from the 
screening 
intervention 
file

Linkage to 
DOM project 
breast cancer 
registry; 
causes 
of death 
provided 
by general 
practitioners 
or hospitals

Screening 
history for the 
time up to and 
including date 
of diagnosis; 17 
yr of follow-up 
of screening 
programme; 
for both cases 
and controls, 
participation 
was low; 
exclusion of 
cases with 
follow-up of 
< 1 yr

Stratification by birth 
cohort

0.54 (0.37–0.79) 
By birth cohort: 
1911–1915:  
0.40 (0.21–0.75) 
1916–1920:  
0.57 (0.31–1.04) 
1921–1925:  
0.71 (0.34–1.48)
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion of 
eligible women 
included

Screening 
exposure; age 
of included 
women

No. of 
controls, 
source, 
whether 
same source 
population 
as cases, 
matching 
variables, alive 
at date of death 
or diagnosis of 
case

Linkage 
or use of 
screening, 
cancer 
registry, 
death 
databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

Verbeek et 
al. (1985)

Nijmegen 
Reference to 
Verbeek et al. 
(1984)

62 residents 
1975–1982 
NR

Diagnosed 
after first 
screening 
invitation; 
stratification 
by age at first 
invitation

310 
Birth cohort 
under study, 
same source 
5 per case, 
same year of 
birth as case, 
and same 
invitation 
history

NR NR Residential district 
and marital status

0.51 (0.26–0.99) 
By age:  
35–49 yr:  
1.2 (0.31–4.8)  
50–64 yr:  
0.26 (0.10–0.67)  
≥ 65 yr:  
0.81 (0.23–2.8)

Van Dijck 
et al. (1996)

Nijmegen 
1975 
35–64 yr (since 
1977, also older 
women) 
2-yearly 
Women 
invited to 
participate at 
age ≥ 65 yr and 
free of breast 
cancer at first 
screening 
invitation

82 
Nijmegen 
population of 
invited women, 
before 1 January 
1994 
NR

Index round: 
most recent 
invitation 
before 
diagnosis 
of primary 
breast cancer 
65–92 yr

410 
Age-matched 
population 
in Nijmegen, 
invited to 
screening at 
same index 
round as the 
case

Cause 
of death 
classified by 
a panel of 
physicians 
unaware of 
the screening 
history

Patients with 
advanced breast 
cancer who 
died of other, 
unrelated causes 
not included as 
cases

NR By age:  
≥ 65 yr:  
0.56 (0.28–1.13)  
65–74 yr:  
0.45 (0.20–1.02)  
≥ 75 yr:  
1.05 (0.27–4.14)

Table 5.8   (continued)
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion of 
eligible women 
included

Screening 
exposure; age 
of included 
women

No. of 
controls, 
source, 
whether 
same source 
population 
as cases, 
matching 
variables, alive 
at date of death 
or diagnosis of 
case

Linkage 
or use of 
screening, 
cancer 
registry, 
death 
databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

van Schoor 
et al. (2010)

Nijmegen 
1975 
40–69 yr 
2-yearly 
Women 
invited to the 
screening

272 
Women invited 
to screening 
programme in 
Nijmegen 
NR 
1975–1990 
NR

1975–1990 
40–69 yr at 
invitation

1360 
Same source 
Risk sets 
of controls 
from which 5 
controls were 
randomly 
sampled for 
each case, 
eligible for 
screening, 
and living in 
Nijmegen at 
date of death of 
case

Linkage to 
vital status 
from the 
Municipal 
Personal 
Records 
Database 
Assessments 
of causes 
of death 
made by a 
committee of 
physicians

NR For differences in age 
at index invitation 
between the 
comparison groups 
by stratification; 
thereafter, 
combination of 
screening and age as 
an interaction term to 
the logistic model 
Sensitivity analysis 
for obesity, 
socioeconomic group, 
nulliparity, late age 
at menopause, early 
age at menarche, and 
family history

By age: 
40–49 yr:  
0.50 (0.30–0.82) 
50–59 yr: 
0.54 (0.35–0.85) 
60–69 yr: 
0.65 (0.38–1.13)

Italy
Palli et al. 
(1989)

Florence 
1970 
40–70 yr 
Invitation 
every 30 mo 
All residents

103 death 
certificates 
1977–1987 
After at least a first 
invitation to the 
programme and 
within 3 yr of the 
last invitation 
NR

After at 
least a first 
invitation 
to the 
programme 
40–70 yr

515 
Same source 
Selected for 
year of birth 
and town of 
residence 
5 per case

Form 
completed 
for each 
woman, with 
clinical and 
demographic 
information

Screening 
history 
until date of 
diagnosis from 
the Centre for 
the Study and 
Prevention of 
Oncological 
Diseases

Number of children, 
age at first birth, 
civil status, years 
of education, 
occupation, place 
of birth, family 
history, screening 
history for cervical 
cancer, self-referred 
to breast clinic for 
mammography

By age at 
diagnosis: 
40–49 yr:  
0.63 (0.24–1.6) 
≥ 50 yr:  
0.51 (0.29–0.89)

Table 5.8   (continued)
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion of 
eligible women 
included

Screening 
exposure; age 
of included 
women

No. of 
controls, 
source, 
whether 
same source 
population 
as cases, 
matching 
variables, alive 
at date of death 
or diagnosis of 
case

Linkage 
or use of 
screening, 
cancer 
registry, 
death 
databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

USA
Elmore et 
al. (2005)

California, 
Massachusetts, 
Minnesota, 
Oregon, and 
Washington

1351 deaths from 
breast cancer or 
causes possibly 
related to breast 
cancer 
1983–1998 
1983–1993 
100% from 4 of 
6 sites, 25% from 
1 site, 33% from 
1 site

3 yr up to and 
including 
the index 
date: the 
date of first 
symptom or 
suspicion of 
cancer (in the 
breast where 
the cancer 
was later 
identified); 
same date 
allocated 
to matched 
controls 
40–49 yr 
50–69 yr

2501 
Same source as 
cases 
Matched on 
health plan, 
age, and level of 
risk for breast 
cancer, who 
were alive on 
the date that 
the matched 
case subject 
had died, and 
were active 
health plan 
members at 
the time of 
the matched 
case subject’s 
breast cancer 
diagnosis

Health plan 
information 
linked to 
SEER cancer 
registries or 
other cancer 
registries, 
and medical 
chart review

Screening 
history for 
3 yr before 
index date 
(mammography 
and CBE) 
extracted 
from medical 
record review; 
diagnosis of 
breast cancer 
before 1983 was 
excluded

Race, comorbidity, 
and age at first birth

By age at 
screening 
by CBE or 
mammography: 
40–65 yr:  
0.91 (0.78–1.07) 
40–49 yr:  
0.92 (0.76–1.13) 
50–65 yr:  
0.87 (0.68–1.12) 
By age at 
screening by 
mammography: 
40–65 yr:  
0.92 (0.79–1.08) 
40–49 yr:  
0.85 (0.69–1.05) 
50–65 yr:  
1.04 (0.82–1.33)

Table 5.8   (continued)
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Reference Area, year 
programme 
began, 
screening age 
and interval, 
women 
included

No. of breast 
cancer deaths, 
source, time 
period for 
breast cancer 
deaths, years 
of diagnoses; 
proportion of 
eligible women 
included

Screening 
exposure; age 
of included 
women

No. of 
controls, 
source, 
whether 
same source 
population 
as cases, 
matching 
variables, alive 
at date of death 
or diagnosis of 
case

Linkage 
or use of 
screening, 
cancer 
registry, 
death 
databases; 
data items 
available

Issues or 
items related 
to screening 
history; 
whether 
prevalent cases 
were excluded

Adjustments Breast cancer 
mortality OR 
(95% CI)

Norman et 
al. (2007)

CARE 
multicentre 
study 
NR 
40–64 yr 
White women 
and Black 
women in 
metropolitan 
Atlanta, 
Georgia; 
Detroit, 
Michigan; 
Los Angeles, 
California; 
Philadelphia, 
Pennsylvania; 
and Seattle, 
Washington

553 
Women with a 
new diagnosis of 
invasive breast 
cancer in 1994–
1998 who died 
NR 
1994–1998 
NR

At least 1 
screening 
mammogram 
in the 2 yr 
before the 
reference date 
(month and 
year of initial 
diagnosis for 
cases) 
40–64 yr

4016 
Women 
identified by 
random-digit 
dialling who 
had never been 
diagnosed with 
cancer

Standard 
SEER 
follow-up 
procedures 
used, 
primarily 
passive 
linkage with 
state death 
records; 
for the 
Pennsylvania 
site, state 
death 
records used

Screening 
histories from 
population 
screening 
registries or 
medical records

BMI, family history, 
education, marital 
status, parity, alcohol 
consumption in year 
before reference 
date, smoking 
status, number of 
pre-existing medical 
conditions, use of oral 
contraceptive, use of 
combined estrogen–
progestin hormone 
replacement therapy, 
use of estrogen 
therapy, and less than 
twice the federal 
poverty threshold 
for household 
income. Model with 
stratification by age 
was further adjusted 
for menopausal status

By age group: 
40–49 yr:  
0.89 (0.65–1.23) 
50–64 yr:  
0.47 (0.35–0.63)

BMI, body mass index; CARE, Contraceptive and Reproductive Experiences; CBE, clinical breast examination; CI, confidence interval; mo, month or months; NR, not reported; OR, 
odds ratio; RR, relative risk; SEER, Surveillance, Epidemiology, and End Results; yr, year or years.

Table 5.8   (continued)
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small numbers, and no confidence intervals were 
given.]

An updated case–control analysis 17 years 
after the initiation of this project was reported by 
Miltenburg et al. (1998). Controls (three for each 
case) were defined as women with the same year 
of birth as the case, living in the city of Utrecht 
at the time the case died, and having had the 
opportunity to be screened in the DOM project. 
The odds ratio for breast cancer mortality for 
screening in the period 1975–1992 was 0.54 (95% 
CI, 0.37–0.79). Stratification by birth cohort is 
given in Table 5.8.

In 1975, a population-based screening pro-
gramme was set up in Nijmegen, a city with about 
150  000 inhabitants (Peeters et al., 1989a). The 
first screening round, in 1975–1976, involved 
23 000 women born in 1910–1939, who were thus 
aged 35–64  years. In the subsequent screening 
rounds, the same birth cohort was invited, as 
well as 7700 women born before 1910. The odds 
ratio for death from breast cancer estimated in a 
case–control analysis was 1.2 (95% CI, 0.31–4.8) 
for women aged 35–49  years, 0.26 (95% CI, 
0.10–0.67) for those aged 50–64 years, and 0.81 
(95% CI, 0.23–2.8) for those aged 65  years and 
older (Verbeek et al., 1985).

In a further case–control study based on the 
Nijmegen population, Van Dijck et al. (1996) 
selected women who were 65 years or older when 
first invited to screening. The rate ratio of breast 
cancer mortality in women who had participated 
regularly (i.e. in the two most recent screening 
rounds before diagnosis) compared with those 
who had not participated in screening was 0.56 
(95% CI, 0.28–1.13). The rate ratio for women 
aged 65–74  years at the most recent invitation 
was 0.45 (95% CI, 0.20–1.02), and for women 
aged 75  years and older it was 1.05 (95% CI, 
0.27–4.14). [The Working Group estimated rate 
ratios for women who had ever been screened 
by combining, using fixed effects meta-analysis, 
reported relative risks for women who had been 
screened regularly and women who had been 

screened “otherwise” relative to women who had 
not been screened. The estimates rate ratios were 
0.68 (95% CI, 0.44–1.05) for all ages, 0.54 (95% 
CI, 0.31–0.95) for ages 65–74 years, and 0.94 (95% 
CI, 0.45–1.88) for ages 75 years and older. Forty 
of the 82 deaths from breast cancer included in 
this study were included in a separate IBM anal-
ysis of effectiveness of screening in women aged 
68–83 years at entry into the Nijmegen screening 
programme (Van Dijck et al., 1997).]

van Schoor et al. (2010) designed a case–
control study to investigate the effect of bien-
nial mammography screening on breast cancer 
mortality in women aged 40–69 years between 
1975 and 1990 in Nijmegen. In women aged 
40–49 years at their index screening (in cases, the 
last screening before diagnosis of breast cancer), 
the odds ratio for screening was 0.50 (95% CI, 
0.30–0.82). Similarly, an odds ratio of 0.54 (95% 
CI, 0.35–0.85) was reported for women aged 
50–59 years, and an odds ratio of 0.65 (95% CI, 
0.38–1.13) for those aged 60–69 years.

(ii) Italy
Between 1970 and 1980, women aged 

40–70 years living in 24 municipalities in Flor-
ence were invited to mammography screening 
with craniocaudal and mediolateral oblique 
views every 2.5 years. In 1989, the screening area 
was extended to include the city of Florence. Palli 
et al. (1986, 1989) conducted a case–control study 
within this population to estimate the impact 
on breast cancer mortality. The odds ratios for 
women aged 40–49  years and for those aged 
50 years and older at diagnosis of breast cancer 
were estimated to be 0.63 (95% CI, 0.24–1.6) and 
0.51 (95% CI, 0.29–0.89), respectively.

(iii) USA
Elmore et al. (2005) conducted a matched 

case–control study among women enrolled 
in six health plans in the states of California, 
Massachusetts, Minnesota, Oregon, and 
Washington and examined the efficacy of 
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screening by mammography and/or CBE among 
women in two age cohorts (40–49  years and 
50–65 years) and in two levels of breast cancer 
risk (in women at average risk and women with 
a family history and/or previous breast biopsy) 
until 1983–1998. The effect of screening with 
mammography, or of screening with mammog-
raphy and CBE, during the 3  years before the 
index date (defined as the date of first suspicion 
of breast abnormalities in case subjects, with the 
same date used for matched control subjects) was 
evaluated. For women aged 40–49 years at diag-
nosis of breast cancer, the odds ratio was 0.85 (95% 
CI, 0.65–1.23), and for women aged 50–65 years, 
the odds ratio was 0.47 (95% CI, 0.35–0.63) for 
screening with mammography alone. The odds 
ratio for women at an increased risk was 0.74 (95% 
CI, 0.50–1.03) and for women at average risk was 
0.96 (95% CI, 0.80–1.14); however, the difference 
was not statistically significant (P = 0.17).

Norman et al. (2007) used data from a subset 
of the Women’s Contraceptive and Reproductive 
Experiences (CARE) Study, a population-based 
multicentre case–control study of risk factors for 
breast cancer among White and Black women 
conducted in metropolitan Atlanta, Georgia; 
Detroit, Michigan; Los Angeles, California; 
Philadelphia, Pennsylvania; and Seattle, 
Washington, to estimate the relative mortality 
rates from invasive breast cancer among women 
with at least one screening mammogram in the 
2 years before a baseline reference date compared 
with unscreened women, adjusting for potential 
confounding. The odds ratio for breast cancer 
death within 5 years after diagnosis was 0.89 (95% 
CI, 0.65–1.23) for ages 40–49 years at diagnosis 
and 0.47 (95% CI, 0.35–0.63) for ages 50–64 years 
at diagnosis.

A meta-analysis was performed of some of 
the earlier case–control studies (Demissie et al., 
1998), and Broeders et al. (2012) conducted a 
meta-analysis of seven more recent case–control 
studies. The combined unadjusted odds ratio 
in women who were screened versus those who 

were not screened was 0.46 (95% CI, 0.40–0.54), 
and 0.52 (95% CI, 0.42–0.65) when adjusted for 
self-selection using the method of Duffy et al. 
(2002a). The crude odds ratio for breast cancer 
mortality reduction, translated to intention-
to-treat estimates for women who were invited 
versus those who were not invited was 0.69 (95% 
CI, 0.57–0.83).

(c) Specific age groups

Several of the case–control studies summa-
rized above reported results in several age 
groups, including those that lie below or above 
the age range 50–69 years. Such results can be 
validly used to infer the effectiveness, or other-
wise, of screening women younger than 50 years, 
provided they are based only on deaths from 
breast cancer of women whose breast cancer was 
diagnosed when they were younger than 50 years. 
The results that permit this inference are those of 
Palli et al. (1989), Broeders et al. (2002), Elmore 
et al. (2005), Norman et al. (2007), and Roder et 
al. (2008) (see Table 5.8).

The use of results from case–control studies 
to infer effectiveness at ages older than 69 years 
is less straightforward because, even if they 
are based only on deaths from breast cancer of 
women whose breast cancer was diagnosed when 
they were older than 69  years, the relative risk 
of death calculated will have been influenced by 
screening at age 69 years and younger, assuming 
screening effectiveness (Otto et al., 2012b). This 
influence can only be removed by limiting the 
analysis to women first offered screening after 
age 69  years. No case–control study has been 
done in a context in which this limitation could 
be applied; however, that of Van Dijck et al. (1996) 
was limited to women first offered screening 
from age 65 years.



IARC HANDBOOKS OF CANCER PREVENTION – 15

346

5.2.3 Ecological studies

In assessing the effectiveness of breast cancer 
screening, the Working Group considered that 
accurate information on standards of breast 
cancer treatment in different regions analysed 
and careful matching of regions by treatment 
standards or adjustment for differences between 
regions in treatment standards are minimum 
criteria for validity of ecological studies. 
Therefore, simple comparisons of trends between 
unmatched regions or without potentially effec-
tive statistical adjustment, or in a single region 
over time, were excluded.

Correcting for differences in underlying 
incidence is a challenge. Differences in incidence 
between regions, or across time, may indicate an 
important difference in baseline risk that must be 
adjusted for, or they may indicate overdiagnosis 
and should not be adjusted for. These studies 
were therefore excluded, as were any that meas-
ured differences in survival, due to the well-rec-
ognized issue of lead time.

Studies of population-based screening in 
Europe were reviewed to assess the value of trend 
analyses in population breast cancer mortality 
(Moss et al., 2012). A literature review identified 
17 reports, of which 12 provided quantitative esti-
mates of the impact of screening. Due to differ-
ences in comparisons and outcome measures, no 
pooled estimate of effectiveness was calculated. 
Overall, this approach proved to be of limited 
value for assessment of screening impact.

For the purpose of selecting studies to review, 
the Working Group defined the following 
subcategories:

Category 1: Single-country or single-region 
studies that consider time trends in total inci-
dence or total mortality, or that use, at best, 
different age groups to standardize treatment 
effects. These studies were excluded because 
of the impossibility of disentangling temporal 
changes in incidence, overdiagnosis, lead-
time effect, and changes in treatment.

Category 2: Studies that measure propor-
tional distribution of breast cancers by stage, 
proportional or relative survival, or post-di-
agnosis survival time over time or between 
countries with different screening protocols. 
These studies were excluded because of the 
potential bias due to overdiagnosis or the 
clear bias due to earlier diagnosis in screened 
women (lead-time bias).
Category 3: Studies of incidence of advanced-
stage breast cancers over time between 
matched regions. These studies were 
included, subject to appropriate care having 
been taken to match or otherwise account 
for differences in risk factors or treatment. 
It is also necessary to account for differing 
completeness or reliability of staging. The 
advantage of such studies is that they should 
minimize the effects of overdiagnosis (which 
would generate mostly early-stage cancers) 
and differences in treatment. Correction is 
still required for a changing underlying rate 
of breast cancer incidence. This correction is 
generally based on the assumption that this 
change is driven by lifestyle changes, which 
change progressively, and in a similar manner 
in matched regions. Hence, smooth temporal 
trends are used to model the underlying rate, 
whereas effects of screening should manifest 
both by more rapid changes and by contrasts 
between regions that introduced screening 
on different dates.
Category 4: Studies of breast cancer mortality 
over time in matched regions. These studies 
raise the same issues as those of advanced-
stage breast cancers, with the further 
complication of potential or real differences 
in treatment. This may include the availa-
bility of systemic hormone treatments or the 
organization of health-care systems.

A total of 87 studies were identified by the 
Working Group through literature searches and 
were reviewed for initial categorization according 
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to the above criteria. After the initial exclusion 
of studies in categories 1 (n = 25) or 2 (n = 20), 
studies of other designs (9 case–control studies, 
4 cohort studies, and 3 studies based on RCTs), 
and studies with other limitations (n  =  12), 14 
studies were further considered. Eight of these 
were then identified as IBM studies (Tabár et al., 
2001; Duffy et al., 2002b; Jonsson et al., 2003a, b; 
Parvinen et al., 2006; Anttila et al., 2008; Sarkeala 
et al., 2008b; Kalager et al., 2010) and were there-
fore excluded. Of the remaining six ecological 
studies, two were judged to be uninformative: 
Das et al. (2005) used correlation as the measure 
of association, and Autier et al. (2011) may have 
been biased by the evolution of staging data over 
the study period; the remaining four studies were 
found to be informative. One additional inform-
ative study was identified separately (Otto et al., 
2003) and was included in the review.

Otto et al. (2003) reviewed mortality trends 
in the Netherlands from 1980 to 1998, using 
clustered municipality-level data in 1-month 
bands, including the progressive introduc-
tion of screening from 1989 until 1997. Four 
age bands were compared to detect changes in 
treatment effectiveness: 45–54, 55–64, 65–74, 
and 75–84  years. Rates of change and cumu-
lative changes were estimated in both the 
pre-screening and screening eras. Analysis was 
via linear splines (i.e. a single joinpoint). There 
was a downturn in mortality for the middle two 
age bands (55–64  years and 65–74  years) coin-
cident with the introduction of screening, with 
an accumulated mortality reduction by 1999 
estimated to be 19.1%. The annual rate of decline 
(annual percentage change) was 1.7% (95% CI, 
1–2.4%) in these two age groups combined and 
1.2% (95% CI, 0.1–2.4%) in the younger age group 
(45–54  years). There was no significant change 
in the older age group (75–84  years). Before 
screening, the trend was upward at 0.3% per year.

Törnberg et al. (2006) compared time trends 
in breast cancer incidence and mortality after 
the introduction of mammography screening in 

Copenhagen, Helsinki, Stockholm, and Oslo. In 
Helsinki, screening was offered to women aged 
50–59 years, starting in 1986, and in the other 
three capitals, screening was offered to women 
aged 50–69  years, starting between 1989 and 
1996. Peaks in breast cancer incidence depended 
on the age groups covered by the screening, 
the length of the implementation of screening, 
and the extent of background opportunistic 
screening. No mortality reduction after the intro-
duction of screening was visible after 7–12 years 
of screening in any of the capitals. [No visible 
effect on mortality reduction was expected in 
Oslo, due to too short an observation period.]

Jørgensen et al. (2010) compared breast 
cancer mortality trends in Denmark, between 
Copenhagen (where screening was introduced in 
1991) and Funen County (where screening started 
in 1993) and the rest of Denmark (which served 
as an unscreened control group). Unscreened age 
groups were used to further control for effects 
of changing treatment. Screening was offered 
to women aged 55–74 years, and mortality was 
evaluated in three age bands: 35–54, 55–74, and 
75–84 years. The pre-screening period was 1982–
1991, and the post-screening period was restricted 
to 1997–2006, to allow for a lag in benefit. The 
annual percentage change in breast cancer 
mortality was evaluated by Poisson regression. 
For the likely-to-benefit age band (55–74 years), 
the annual percentage change changed from +1 
to −1% in the screening areas and from +2 to −2% 
in the non-screening areas. For the younger age 
band (35–54 years), the annual percentage change 
changed from +2% to −5% in the screening areas 
and from 0% to −6% in the non-screening areas. 
No significant changes were observed in the 
older age band.

The mortality benefit of attending screening 
was estimated using a Markov model of disease 
progression based on three regions in France 
(Uhry et al., 2011). Attempts were made to correct 
for opportunistic screening, and overdiagnosis 
was included as an explicit assumption, at either 
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10% or 20%. The corresponding estimates of 
mortality reduction were 23% (95% CI, 4% to 
38%) and 19% (95% CI, −3% to 35%). [Problems 
of model fit were reported.]

Poisson regression was used in a study reana-
lysing population data from the era of Swedish 
screening trials (Haukka et al., 2011). [The data 
used were from NORDCAN (Engholm et al., 
2010), which had variable levels of agreement 
with trial data where it could be compared.] 
The model assumed a delayed step change due 
to screening after the staggered introduction by 
region, with different lead times tested for best 
fit. Using the 3-year lead time estimate, breast 
cancer mortality decreased by 16% (RR, 0.84; 
95% CI, 0.78–0.91) in the screening age group 
40–69  years and by 11% (RR, 0.89; 95% CI, 
0.80–0.98) in the age group 70–79 years.

5.2.4 Other measures of screening 
performance

See Table 5.9.

(a) Studies reporting on tumour size and nodal 
status in women aged 50–69 years

Hofvind et al. (2012c) compared incidence 
of advanced breast cancer cases diagnosed 
among screened and unscreened women aged 
50–69 years in Norway. A total of 11 569 breast 
tumours (1670 ductal carcinoma in situ [DCIS] 
and 9899 invasive cancer) were diagnosed 
among 640 347 women who were invited to the 
screening programme during the study period. 
Participants in the screening programme 
accounted for 9726 breast tumours (1517 DCIS 
and 8209 invasive cancer) and non-participants 
accounted for 1843 breast tumours (153 DCIS 
and 1690 invasive cancer). When cases were 
compared between participants and non-partic-
ipants, a significant reduction was observed in 
stage III (RR, 0.5; 95% CI, 0.4–0.7) and stage IV 
(RR, 0.3; 95% CI, 0.2–0.4) cancers, in tumours 
larger than 50  mm (RR, 0.4; 95% CI, 0.4–0.6), 

and in distant metastasis (RR, 0.3; 95% CI, 
0.2–0.4). Distributions by stage, size, and nodal 
status were similar in women who did not attend 
screening and those who were not invited.

Domingo et al. (2013b) analysed data on invi-
tation to organized screening programmes in 
Copenhagen (first eight invitations rounds, 1991–
2008) and in Funen (first six invitation rounds, 
1993–2005) (Table  5.10). Both programmes 
offered biennial screening to women aged 
50–69  years. The Working Group calculated 
the rate ratios and 95% confidence intervals for 
tumour size and nodal status of screen-detected 
breast cancers versus those diagnosed in women 
who were not screened, for Copenhagen and 
Funen together. Among screen-detected cancers, 
a significant increase in detection of tumours 
of size 0–10  mm [RR, 2.91; 95% CI, 2.47–3.44] 
and 11–20  mm [RR, 1.27; 95% CI, 1.14–1.41] 
and a reduction in detection of tumours of size 
21–30  mm [RR, 0.47; 95% CI, 0.40–0.55] and 
larger than 30 mm [RR, 0.26; 95% CI, 0.21–0.33] 
and in node–positive cancers [RR, 0.61; 95% CI, 
0.54–0.67] were estimated. The rates of large 
screen-detected cancers were significantly lower, 
and screen-detected cancers were significantly 
less frequently lymph node-positive.

(b) Studies reporting incidence rates since the 
beginning of the screening period

Foca et al. (2013) analysed data from 700 
municipalities in Italy, with a total population 
of 692 824 women aged 55–74 years targeted by 
organized mammography screening from 1991 
to 2005. The effect of the screening was evalu-
ated from year  1 (the year screening started 
at the municipal level) to year  8 (based on the 
decreasing number of available municipalities). 
The study was based on a total of 14 447 incident 
breast cancers. The observed 2-year, age-stand-
ardized (Europe) incidence rate ratio (ratio of the 
incidence rate to the expected rate) was calcu-
lated. Expected rates were estimated assuming 
that the incidence of breast cancer was stable and 
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Table 5.9 Studies using stage or indicators of stage at diagnosis of breast cancer as measures of screening performance

Reference Areas, 
earliest 
year of 
programme 
screening, 
age, interval

Duration of 
screening
Individual or 
aggregate data

Compared 
groups: 
contemporary 
or historical, 
period(s) 
covered, nature 
of groups

Denominators 
for rate/
proportions 
calculations

Period of 
observation for 
screened and 
not screened

Adjustments RR (95% CI) unless 
otherwise stateda

Comments

Hofvind et 
al. (2012c)

Norway 
1996 
50–69 yr 
2 yr

1–12 yr
Individual

Contemporary 
1996–2007 
Invited and 
screened, 
invited but not 
screened

Invitations to 
screening  
Screened: 
1 475 978 (9726) 
Not screened: 
449 747 (1843)

2 yr after each 
invitation to 
screening

None Stage:b 
0: 3.0 (2.6–3.6) 
I: 2.0 (1.8–2.2) 
II: 1.2 (1.1–1.3) 
III: 0.5 (0.4–0.7) 
IV: 0.3 (0.2–0.4) 
Tumour size: 
> 50 mm: 0.4 
(0.4–0.6) 
Node-positive: 
No: 2.0 (1.8–2.1)  
Yes: 1.1 (1.0–1.2) 
Distant metastasis: 
No: 1.8 (1.7–1.9)  
Yes: 0.3 (0.2–0.4)

Distributions by 
stage, size, and 
nodal status were 
similar between 
not attending 
and not invited 
women

Domingo 
et al. 
(2013b)

Denmark 
(Copenhagen 
and Funen) 
50–69 yr 
2 yr

Copenhagen: 
8 biennial 
screening 
rounds 
Funen: 6 
biennial 
screening 
rounds
Individual

Same years of 
observation

Copenhagen: 
Participants: 
214 088 
Not screened: 
139 461 
Funen:  
Participants: 
486 722 
Not screened: 
230 153

Copenhagen: 
1991–2008 
Funen: 
1993–2005

  Rate ratiosc 
Tumour size: 
≤ 10 mm:  
[2.91 (2.47–3.44)] 
11–20 mm:  
[1.27 (1.14–1.41)] 
21–30 mm:  
[0.47 (0.40–0.55)] 
> 30 mm:  
[0.26 (0.21–0.33)] 
Node-positive: 
No: [1.61 (1.47–1.77)] 
Yes: [0.61 (0.54–0.67)] 
See Table 5.10 for 
original data

 



IA
RC H

A
N

D
BO

O
KS O

F C
A

N
CER PREVEN

TIO
N

 – 15

350

Reference Areas, 
earliest 
year of 
programme 
screening, 
age, interval

Duration of 
screening
Individual or 
aggregate data

Compared 
groups: 
contemporary 
or historical, 
period(s) 
covered, nature 
of groups

Denominators 
for rate/
proportions 
calculations

Period of 
observation for 
screened and 
not screened

Adjustments RR (95% CI) unless 
otherwise stateda

Comments

Foca et al. 
(2013)

Italy (700 
munici-
palities) 
1991–2005 
55–74 yr

1991–2005
Individual

(Analysis from 
year 1 to year 8) 
year 1: 692 824 
women 
year 8: 300 859 
women 
Total number 
of eligible 
cancer cases: 
14 447 
Advanced 
cancers 
analysed: 4036 
(28%) pT2–pT4 
cancers

Study end-
points:  
total incidence 
of breast cancer 
incidence of 
pT2–pT4 breast 
cancer

1991–2005 
(analysis from 
year 1 to year 8)

  1–2 yr after 
introduction of 
screening:  
Total breast cancer:  
1.35 (1.03–1.41)  
pT2–pT4:  
0.97 (0.90–1.04) 
5–6 yr after 
introduction of 
screening:  
Total breast cancer:  
1.14 (1.08–1.20)  
pT2–pT4:  
0.79 (0.73–0.87) 
7–8 yr after the 
introduction of 
screening:  
Total breast cancer:  
1.14 (1.08–1.21)  
pT2–pT4:  
0.71 (0.64–0.79)

Excluded women 
aged 50–54 yr 
Restricted to 
municipalities 
in which the 
proportion of total 
incident cancers 
detected by 
screening reached 
30% within year 2 
Annual incidence 
expected in 
the absence 
of screening 
assumed stable 
and equivalent 
to that observed 
in the past 3 yr 
before year 1 
Effect evaluated 
based on the 
decreasing 
number of 
available 
municipalities 
Supplementary 
analysis of the 
subgroup of 
municipalities 
that had a 
complete 8-yr 
period of 
observation

Table 5.9   (continued)



Breast cancer screening

351

Reference Areas, 
earliest 
year of 
programme 
screening, 
age, interval

Duration of 
screening
Individual or 
aggregate data

Compared 
groups: 
contemporary 
or historical, 
period(s) 
covered, nature 
of groups

Denominators 
for rate/
proportions 
calculations

Period of 
observation for 
screened and 
not screened

Adjustments RR (95% CI) unless 
otherwise stateda

Comments

Nederend 
et al. 
(2012)

Netherlands 
50–75 yr 
2 yr 
Women aged 
50–69 yr 
(75 yr in 
1998)

1997–2008
 

351 009 
consecutive 
screens of 
85 274 women

    Age, family 
history of 
breast cancer, 
previous breast 
surgery, use of 
HRT, initial 
screen, interval 
between 2 
latest screens, 
breast density 
at latest 
screening 
mammo gram, 
mammo graphic 
abnormality, 
tumour 
histology 
of invasive 
cancers

Rate per 1000  
(95% CI) 
Advanced cancers: 
1997–1998:  
1.5 (1.2–1.9) 
1999–2000:  
1.6 (1.3–2.0) 
2001–2002:  
1.6 (1.3–2.0) 
2003–2004:  
1.6 (1.3–1.9) 
2005–2006:  
1.5 (1.2–1.8) 
2007–2008:  
1.9 (1.5–2.2) 
Total:  
1.6 (1.5–1.8) 
Non-advanced 
cancers: 
1997–1998:  
3.0 (2.5–3.5) 
1999–2000:  
3.3 (2.8–3.8) 
2001–2002:  
3.0 (2.5–3.5) 
2003–2004:  
3.9 (3.4–4.4) 
2005–2006:  
3.3 (2.9–3.7) 
2007–2008:  
3.3 (2.9–3.7) 
Total:  
3.3 (3.1–3.5)

At multivariate 
analysis, women 
with a ≥ 30-mo 
interval between 
the latest two 
screens had an 
increased risk of 
screen-detected 
advanced breast 
cancer (OR, 1.63; 
95% CI, 1.07–2.48)

Table 5.9   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
age, interval

Duration of 
screening
Individual or 
aggregate data

Compared 
groups: 
contemporary 
or historical, 
period(s) 
covered, nature 
of groups

Denominators 
for rate/
proportions 
calculations

Period of 
observation for 
screened and 
not screened

Adjustments RR (95% CI) unless 
otherwise stateda

Comments

Autier & 
Boniol 
(2012)

West 
Midlands, 
United 
Kingdom 
1988 
50–64 yr

1988–2004
Aggregate

No comparison  
APC of the 
incidence 
rates of lymph 
node-positive/
negative and 
of tumours 
> 50 mm 
reported for 
the screening 
period

First procedure 
based on 
CI5plus (Ferlay 
et al., 2014) and 
on proportions 
derived from 
Nagtegaal et 
al. (2011), for 
distinguishing 
cancers found 
in women 
attending and 
not attending 
screening

Data reported 
for the 
screening 
period 1989–
2004 only

  APC 
See Fig. 5.1

The > 50 mm 
cut-off is not 
appropriate to 
study changes in 
incidence rates of 
advanced cancers 
in a country with 
a high level of 
awareness, as 
United Kingdom  
Sources for 
estimation of 
incidence trends 
of advanced breast 
cancer NR

Eisemann 
et al. 
(2013)

Germany 
First 
screening 
units in 2005 
50–69 yr 
2 yr

2005–
Aggregate

  Breast cancer 
epidemiology 
in Germany 
in 2008–2009 
(data sources: 
German Centre 
for Cancer 
Registry Data, 
Society of 
Epidemiolo-
gical Cancer 
Registries in 
Germany, 
and German 
Federal Office 
of Statistics)

    Stage: 
T1: ~40% 
T2: ~30% 
T3: ~4% 
T4: 5% 
Not known: ~13% 
Carcinoma in situ: 
9%

Of the newly 
diagnosed patients 
in 2007–2008

Table 5.9   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
age, interval

Duration of 
screening
Individual or 
aggregate data

Compared 
groups: 
contemporary 
or historical, 
period(s) 
covered, nature 
of groups

Denominators 
for rate/
proportions 
calculations

Period of 
observation for 
screened and 
not screened

Adjustments RR (95% CI) unless 
otherwise stateda

Comments

Elting et 
al. (2009)

Texas, USA 
> 40 yr

2002–2004
Individual

Incident breast 
cancer cases 
diagnosed 
among women 
aged > 40 yr in 
2004 
Total of 12 469 
women

Risk of invasive 
breast cancer 
and DCIS in 
Texas 
Counties 
with facility 
compared 
with counties 
without 
facilities

2004 Age, race, 
ethnicity, 
higher 
probabilities 
of advanced 
disease among 
African-
American 
and Hispanic 
women

Stage at diagnosis: 
DCIS:  
1.27 (1.07–1.5) 
Regional nodes:  
1.12 (0.98–1.27) 
Locally advanced or 
distant disease:  
0.81 (0.66–0.98) 
Factors associated 
with diagnosis of 
DCIS compared with 
local disease:  
In-county facility 
1.32 (0.98–1.77) 
Factors associated 
with diagnosis of 
locally advanced or 
disseminated disease 
compared with local 
disease:  
In-county facility 
0.36 (0.26–0.51) 
(P < 0.001)

Significant 
associations 
between the 
absence of 
in-county 
mammography 
facilities and 
both low odds 
of screening and 
high odds of 
diagnosis at a late 
stage of breast 
cancer

Table 5.9   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
age, interval

Duration of 
screening
Individual or 
aggregate data

Compared 
groups: 
contemporary 
or historical, 
period(s) 
covered, nature 
of groups

Denominators 
for rate/
proportions 
calculations

Period of 
observation for 
screened and 
not screened

Adjustments RR (95% CI) unless 
otherwise stateda

Comments

Bleyer & 
Welch 
(2012)

USA, SEER 
data 
≥ 40 yr

NR
Aggregate

Historical 
Before 
mammography 
(1976–1978) 
Three decades 
later (2006–
2008)

Trend data 
from the 
National Health 
Interview 
Survey 
Trend data on 
incidence and 
survival rates 
obtained from 
the 9 long-
standing SEER 
areas 
Annual 
estimates of 
population 
of women 
aged ≥ 40 yr 
obtained from 
United States 
Census

Before 
mammo graphy 
(1976–1978) 
Three decades 
later (2006–
2008)

Excluded 
excess cases 
associated with 
use of HRT

Number of cases per 
100 000 women in 
1976–1978 (2006–
2008): 
DCIS: 7 (56) 
localized disease:  
105 (178)  
regional disease:  
85 (78) 
distant disease:  
17 (17)

Helvie et 
al. (2014)

USA, 18 
SEER 
geographical 
areas, which 
captured 
cancer 
data from 
27.8% of the 
United States 
population 
> 40 yr

2007–2009
 

Trend   Before 
mammo graphy 
(1977–1979)  
Mammo graphy 
screening 
period (2007–
2009)

Underlying 
temporal 
trends

Late-stage breast 
cancer incidence 
decreased by 37%, 
with a reciprocal 
increase in early-
stage rates 
Late-stage breast 
cancer incidence 
decreased by from 
21% to 48% 
Total invasive breast 
cancer incidence 
decreased by 9%

Projected 
incidence stage-
specific values 
were compared 
with actual 
observed values in 
2007–2009. 
Used different 
APC estimates

Table 5.9   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
age, interval

Duration of 
screening
Individual or 
aggregate data

Compared 
groups: 
contemporary 
or historical, 
period(s) 
covered, nature 
of groups

Denominators 
for rate/
proportions 
calculations

Period of 
observation for 
screened and 
not screened

Adjustments RR (95% CI) unless 
otherwise stateda

Comments

Hou & 
Huo (2013)

USA, 18 
SEER 
registries 
No data on 
screening

2000–2009
 

Trend 
Breast cancer 
incidence rates 
from 2000 to 
2009

Incidence  
rates of in 
situ, localized, 
regional, 
distant (per 
100 000)

  None DCIS (all racial 
groups):  
APC, 2.3–3.0% 
(P < 0.005) 
Localized breast 
cancer:  
non-Hispanic Black 
women: APC, 1.3% 
(P = 0.004) 
Asian women: APC, 
1.2% (P = 0.03) 
Regional and distant 
cancers:  
non-Hispanic White 
women: APC, −2.5% 
(P = 0.02) 
Hispanic women: 
APC, −1.1% 
(P = 0.006)

It is unlikely that 
the overall trends 
of incidence rates 
are due to changes 
in mammography 
screening 
rate, since 
mammography 
use did not change 
substantially from 
2000 to 2010

Table 5.9   (continued)
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Reference Areas, 
earliest 
year of 
programme 
screening, 
age, interval

Duration of 
screening
Individual or 
aggregate data

Compared 
groups: 
contemporary 
or historical, 
period(s) 
covered, nature 
of groups

Denominators 
for rate/
proportions 
calculations

Period of 
observation for 
screened and 
not screened

Adjustments RR (95% CI) unless 
otherwise stateda

Comments

DeSantis et 
al. (2014)

USA, SEER 
Program, 
SEER 9 
registries

NR
Aggregate

Historical Data about 
incidence, 
probabilities 
of developing 
cancer, and 
cause-specific 
survival 
obtained from 
the SEER 
Program 
Prevalence 
data on 
mammography 
by age and state 
obtained from 
the 2010 and 
2012 Behavioral 
Risk Factor 
Surveillance 
System

1975–2010 Rates age-
adjusted to the 
2000 United 
States standard 
population 
within each 
age group

Correlation between 
mammography 
screening prevalence 
in 2010 and breast 
cancer stage at 
diagnosis (2006–
2010): 
Non-Hispanic White 
women: in situ stage, 
r = 0.62 (P < 0.001) 
late stage, r = −0.51 
(P < 0.001) 
African-American 
women: in situ stage, 
r = 0.47 (P < 0.006) 
late stage, NS

 

a  Comparing screened and unscreened.
b  Calculated using COMPARE2 in WinPepi V11.39 (http://www.brixtonhealth.com/pepi4windows.html).
c  Calculated using Stata/SE 13.1.
APC, annual percentage change; CI, confidence interval; DCIS, ductal carcinoma in situ; HRT, hormone replacement therapy; IRR, incidence rate ratio; NR, not reported; NS, not 
significant; OR, odds ratio; RR, relative risk; SEER, Surveillance, Epidemiology, and End Results; yr, year or years.

Table 5.9   (continued)

http://www.brixtonhealth.com/pepi4windows.html


Breast cancer screening

357

Table 5.10 Number of breast cancers (invasive and carcinoma in situ) detected at screening in participants, diagnosed as 
interval cancers in participants, or diagnosed in unscreened women (Copenhagen and Funen screening programmes, 
Denmark)

Invitation 
round

Screened women Unscreened women

Participants Screen-
detected 
cancers 
(of which 
CIS)

Proportiona Ratea,b Interval 
cancers 
(of 
which 
CIS)

Proportiona Ratea,c False-
positive 
rate 
(%)

Unscreened 
women

Diagnosed 
cancers (of 
which CIS)

Proportiona Ratea,d Total 
ratea,e

Copenhagen screening programme
1 30 388 361 (44) 11.88 5.79 58 (2) 1.93 0.79 5.6% 14 763 128 (8) 8.67 4.23 5.91
2 26 109 164 (17) 6.28 3.13 65 (6) 2.51 1.25 4.0% 15 960 62 (0) 3.95 1.96 3.45
3 25 153 156 (18) 6.20 3.41 59 (3) 2.36 1.18 2.5% 15 968 70 (3) 4.38 2.41 3.81
4 25 427 147 (18) 5.78 2.79 73 (1) 2.89 1.44 2.4% 16 260 108 (4) 6.64 3.21 3.80
5 25 059 145 (22) 5.79 2.97 66 (3) 2.65 1.32 1.8% 17 281 94 (6) 5.44 2.79 3.69
6 25 271 180 (42) 7.12 3.28 62 (1) 2.47 1.24 1.5% 18 149 109 (4) 6.01 2.77 3.73
7 26 205 227 (40) 8.66 3.36 83 (2) 3.20 1.60 1.4% 18 846 163 (5) 8.65 3.35 4.07
8 30 476 242 (47) 7.94 3.48 89 (2) 2.94 1.47 1.4% 22 234 162 (5) 7.29 3.20 4.10
Total (1–8) 214 088 1622 (248) 7.48 3.57 555 (20) 2.61 1.31 2.6% 139 461 896 (35) 6.43 3.02 4.09
Funen screening programme
1 41 519 401 (59) 9.66 4.47 89 (4) 2.16 1.08 1.7% 14 593 187 (11) 12.81 5.93 5.58
2 44 117 236 (35) 5.35 2.67 124 (6) 2.83 1.41 1.1% 13 892 89 (7) 6.41 3.20 3.87
3 44 892 216 (21) 4.81 2.41 140 (4) 3.13 1.57 1.1% 14 805 90 (8) 6.08 3.04 3.74
4 45 817 273 (35) 5.96 2.98 128 (4) 2.81 1.41 1.0% 15 430 90 (1) 5.83 2.92 4.01
5 47 458 257 (19) 5.42 2.71 112 (3) 2.37 1.19 0.8% 15 591 94 (7) 6.03 3.01 3.67
6 48 831 285 (31) 5.84 2.92 109 (4) 2.25 1.12 0.8% 16 381 101 (5) 6.17 3.08 3.80
Total (1–6) 272 634 1668 (200) 6.12 3.02 702 (25) 2.59 1.30 1.1% 90 692 651 (39) 7.18 3.54 4.10
Total 486 722 3290 (448) 6.76 3.27 1257 (45) 2.60 1.30 1.8% 230 153 1548 (74) 6.73 3.22 4.10

a  Proportion per 1000 women, and rate per 1000 person–years.
b  Person–years at risk to develop a screen-detected cancer were estimated as number of participants multiplied by length of invitation round.
c  Person–years at risk to develop an interval cancer were estimated as number of participants, minus participants with screen-detected cancers, multiplied by 2.
d  Person–years at risk to develop a cancer outside screening were estimated as number of unscreened women multiplied by length of invitation round.
e  For simplicity, for each invitation round based on the total of screen-detected cancers, interval cancers, and cancers in unscreened women, although part of the interval cancers were 
diagnosed during the next invitation round.
CIS, carcinoma in situ.
From Domingo et al. (2013a). Aggressiveness features and outcomes of true interval cancers: comparison between screen-detected and symptom-detected cancers, European Journal of 
Cancer Prevention, volume 22, issue 1, pages 21–28, Copyright (2013), with permission from the publisher, Wolters Kluwer Health.
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equivalent to that in the 3 years before year 1. The 
incidence rate ratio for pT2–pT4 breast cancers 
was 0.97 (95% CI, 0.90–1.04) in years 1 and 2, 0.81 
(95% CI, 0.75–0.88) in years 3 and 4, 0.79 (95% 
CI, 0.73–0.87) in years  5 and 6, and 0.71 (95% 
CI, 0.64–0.79) in years  7 and 8. A significant 
and stable decrease in the incidence of late-stage 
breast cancer was observed from the third year of 
screening onward.

Nederend et al. (2012) analysed a consecu-
tive series of 351  009 screening mammograms 
of 85 274 women aged 50–75 years, who under-
went biennial screening in a breast screening 
region in the Netherlands in 1997–2008. A total 
of 1771 screen-detected cancers and 669 interval 
cancers were diagnosed in 2440 women. The 
authors observed, as expected, no decline in 
detection rates of advanced breast cancer during 
each round of 12  years of biennial screening 
mammography in the screened population. 

In the source population (data from a cancer 
registry), no decline in advanced breast cancer 
has been reported.

Autier & Boniol (2012) estimated incidence 
trends in advanced breast cancer from 1989 to 
2004 in the West Midlands (United Kingdom), 
where breast screening started in 1988 for women 
aged 50–64 years (Fig. 5.1). The authors extracted 
numbers of breast cancer cases from the Cancer 
Incidence in Five Continents database (Ferlay et 
al., 2014). They used published data (Lawrence et 
al., 2009; Nagtegaal et al., 2011) for the annual 
percentage change (APC) in the incidence rates 
of lymph node-positive/node-negative breast 
cancer and of tumours larger than 50 mm for the 
screening period. According to their analysis, 
the incidence rates of node-positive breast cancer 
increased from 1989 to 1992 and then decreased 
below the pre-screening level in 1993–1995 but 
returned to pre-screening levels in 1996–2000 
and then stabilized. From 1989 to 2004, the APC 

Fig. 5.1 Annual incidence rates from 1989 to 2004 of advanced breast cancer in women aged 
50–64 years in the West Midlands, United Kingdom
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was 2.2% (95% CI, 1.2% to 3.1%) for node-negative 
cancers and −0.7% (95% CI, −1.8% to 0.3%) for 
node-positive cancers. The incidence of tumours 
larger than 50 mm remained stable from 1989 to 
2004 (APC, 0.2%; 95% CI, −2.2% to 2.7%).

Eisemann et al. (2013) reported data from 
2008–2009 in Germany, where breast cancer 
screening started in 2005, biennially, for women 
aged 50–69 years. From 2002 to 2007, the absolute 
number of breast cancer diagnoses (including in 
situ cases) increased markedly, by 15%: for in situ 
tumours, by +94%; for T1 tumours, by +18%; for 
T2 tumours, by +11%; for T3 tumours, by +14%; 
and for tumours of unknown stage, by +24%. 
A decrease of about −10% was observed for T4 
tumours. [No comparison of rates of advanced 
cancers was reported in the screened or invited 
population versus the population not screened or 
not invited.]

Elting et al. (2009) assessed the association 
between in-county mammography facilities (in 
2002–2004) and mammography screening and 
breast cancer diagnosis at a late stage among 
women in Texas older than 40 years. Half of the 
254 counties had no mammography facility. In 
2004, a total of 12 469 of the 4 639 842 women in 
Texas older than 40 years were diagnosed with 
either invasive breast cancer or DCIS (risk per 
10 000 women aged > 40 years, 26.87; 95% CI, 
26.4–27.3). The risk of diagnosis at early and 
late stages varied significantly between coun-
ties with and without mammography facilities. 
After accounting for confounding by age, race, 
and ethnicity, multivariate analysis showed that 
women who lived in counties with facilities were 
more likely to be diagnosed with DCIS (odds 
ratio [OR], 1.32; 95% CI, 0.98–1.77; P  =  0.06) 
and significantly less likely to be diagnosed at 
an advanced stage (OR, 0.36; 95% CI, 0.26–0.51; 
P < 0.001) than their counterparts who lived in 
counties without a facility. These differences were 
observed despite adjustment for higher prob-
abilities of advanced disease among African-
American and Hispanic women.

(c) Studies reporting incidence rates using 
SEER data

Bleyer & Welch (2012) used data from the 
Surveillance, Epidemiology, and End Results 
(SEER) Program of the United States National 
Cancer Institute to examine trends from 1976 to 
2008 in the incidence of early-stage and late-stage 
breast cancer among women aged 40 years and 
older. The 3-year period 1976–1978 was chosen to 
obtain the estimate of the baseline incidence of 
breast cancer detected without mammography. 
During this period, the incidence of breast cancer 
was stable and few cases of DCIS were detected 
(findings compatible with the very limited use of 
screening mammography). The estimate of the 
current incidence of breast cancer was based on 
the 3-year period 2006–2008. To eliminate the 
effect of use of hormone replacement therapy, the 
observed incidence was truncated if it was higher 
than the estimate of the current incidence (the 
annual incidence per 100  000 women of DCIS 
was not allowed to exceed 56.5 cases, of localized 
disease to exceed 177.5 cases, of regional disease 
to exceed 77.6 cases, and of distant disease to 
exceed 16.6 cases, during the period 1990–2005). 
A substantial increase in the use of screening 
mammography during the 1980s and early 
1990s among women aged 40 years and older in 
the USA, a substantial concomitant increase in 
the incidence of early-stage breast cancer among 
these women, and a small decrease in the inci-
dence of late-stage breast cancer were observed. 
A large increase in cases of early-stage cancer 
(absolute increase of 122 cases per 100  000 
women) and a small decrease in cases of late-stage 
cancer (absolute decrease of 8 cases per 100 000 
women) were observed. The trends in regional 
and distant late-stage breast cancer showed that 
the variable pattern in late-stage cancer (which 
includes the excess diagnoses associated with use 
of hormone replacement therapy in the late 1990s 
and early 2000s) was almost entirely attributable 
to changes in the incidence of regional (largely 
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node-positive) disease. However, the incidence of 
distant (metastatic) disease remained unchanged 
(95% CI for the APC, −0.19% to 0.14%). The SEER 
data did not distinguish between women who 
were screened and those who were not screened.

Helvie et al. (2014), similarly to Bleyer & 
Welch (2012), compared the SEER breast cancer 
incidence and stage for the pre-mammog-
raphy period (1977–1979) and the mammog-
raphy screening period (2007–2009) in women 
older than 40  years. The authors estimated 
pre-screening temporal trends using several 
measures of APC. Stage-specific incidence 
values for 1977–1979 (baseline) were adjusted 
using APC values of 0.5%, 1.0%, 1.3%, and 2.0% 
and then compared with observed stage-specific 
incidence in 2007–2009. Pre-screening APC 
temporal trend estimates ranged from 0.8% to 
2.3%. The joinpoint estimate of 1.3% for women 
older than 40  years approximated the four-
decade-long APC trend of 1.2% noted in the 
Connecticut Tumor Registry. At an APC of 1.3%, 
late-stage breast cancer incidence decreased by 
37% (56 cases per 100 000 women), with a recip-
rocal increase in early-stage rates noted from 
1977–1979 to 2007–2009. The resulting late-stage 
breast cancer incidence decreased by 21% at an 
APC of 0.5% and by 48% at an APC of 2.0%. 
Total invasive breast cancer incidence decreased 
by 9% (27 cases per 100 000 women) at an APC 
of 1.3%. [According to the authors, a substan-
tial reduction in late-stage breast cancer has 
occurred in the mammography era when appro-
priate adjustments are made for pre-screening 
temporal trends.]

Hou & Huo (2013) analysed the SEER 
age-standardized breast cancer incidence rates 
from 2000 to 2009, for 677  774 women aged 
20  years and older. This study represents a 
descriptive analysis of population-based cancer 
incidence rates from 18 SEER registries with 
high-quality data, representing 28% of the United 
States population. Since 2004, incidence rates in 
women aged 40–49 years increased significantly 

for most racial/ethnic groups (overall APC, 1.1%; 
P = 0.001). The incidence rate of DCIS increased 
significantly in all racial/ethnic groups, with an 
APC range from 2.3% to 3.0% (P < 0.005). The 
incidence rate of localized breast cancer increased 
significantly in non-Hispanic Black women 
(APC, 1.3%; P = 0.004) and Asian women (APC, 
1.2%; P = 0.03). The incidence rates of regional 
and distant cancers decreased significantly in 
non-Hispanic White women from 2000 to 2004 
(APC, −2.5%; P = 0.02) and in Hispanic women 
from 2000 to 2009 (APC, −1.1%; P = 0.006). [It is 
possible that the changes in incidence rates are 
due in part to improvements in cancer screening 
methods and, therefore, advances in early 
detection. It is unlikely that the overall trends 
of incidence rates are due to changes in the 
mammography screening rate, since mammog-
raphy use did not change substantially from 2000 
to 2010, although it increased by large magni-
tudes in small groups with growing populations, 
such as new immigrants and Asian-Americans.]

DeSantis et al. (2014) obtained data on inci-
dence, probability of developing cancer, and 
cause-specific survival from SEER, and data 
on the prevalence of mammography by age 
from the 2010 and 2012 Behavioral Risk Factor 
Surveillance System, to assess the relationship 
between mammography screening rates in 2010 
and breast cancer stage at diagnosis in 2006–2010. 
Among non-Hispanic White women, state-level 
mammography screening prevalence was posi-
tively correlated with the percentage of breast 
cancers diagnosed at the in situ stage (correla-
tion coefficient, r = 0.62; P < 0.001) and negatively 
correlated with the percentage of breast cancers 
diagnosed at late stages (r = −0.51; P < 0.001).

(d) Modifying effects of breast density

Given that increased mammographic breast 
density is associated with lower sensitivity and 
higher interval cancer rates (Mandelson et al., 
2000), its potential role as an effect modifier 
of mammography screening effectiveness is 
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of interest. The effect of breast density on case 
fatality rate, or breast density as a modifier, has 
been investigated in several studies. Only one 
of these has examined differences in survival 
of women with interval cancers in those with 
dense versus non-dense breasts. This study in 
Sweden found that women with interval cancers 
had worse survival than women with screen-de-
tected cancers (hazard ratio [HR], 1.69; 95% 
CI, 1.03–2.76, overall) and that interval-cancer 
survival was poorer in those with non-dense 
breasts (HR, 1.76; 95% CI, 1.01–3.09) than in 
those with dense breasts (HR, 1.26; 95% CI, 
0.47–3.38) (Eriksson et al., 2013). These effects 
were observed after adjustment for tumour size 
and lymph-node metastasis at diagnosis. [Before 
adjustment, hazard ratios were stronger.]

The remaining studies examined the impact 
of breast density on survival or mortality rates 
within populations where screening is available, 
but they did not differentiate between interval 
and screen-detected cancers. In a cohort in 
Denmark participating in biennial mammog-
raphy at ages 50–69  years, during 1991–2001, 
the case fatality rate was lower in women with 
mixed/dense breasts than in those with fatty 
breasts (HR, 0.60; 95% CI, 0.43–0.84) (Olsen 
et al., 2009). [Although the case fatality rate is 
lower for women with dense breasts, it should 
be noted that because more women with dense 
breasts develop breast cancer, more women 
with dense breasts die from breast cancer 
overall.] In the USA, a study using the Carolina 
Mammography Registry (22 597 breast cancers) 
showed no difference in breast cancer mortality 
between women with dense breasts and those 
with fatty breasts, after adjusting for incidence 
differences (HR, 0.908; P = 0.12) (stage-adjusted) 
(Zhang et al., 2013). Similarly, the American 
College of Radiology Breast Imaging Reporting 
and Data System (BI-RADS) density score was 
not associated with breast cancer survival (HR 
for breast cancer death, 0.92; 95% CI, 0.71–1.19) 
in the United States Breast Cancer Surveillance 

Consortium (Gierach et al., 2012), except for 
an increased risk of breast cancer death among 
women with low breast density (BI-RADS 1) who 
were obese or had tumours larger than 20 mm. 
The Kopparberg RCT, in Sweden, suggested that 
women with dense breasts have higher breast 
cancer incidence rates (multivariate RR, 1.57; 
95% CI, 1.23–2.01) and breast cancer mortality 
(RR, 1.91; 95% CI, 1.26–2.91), but that there was 
no clear difference in survival between women 
with dense breasts and those with non-dense 
breasts (HR, 1.41; 95% CI, 0.92–2.14) (not adjusted 
for tumour characteristics) (Chiu et al., 2010). 
One study found poor survival in women with 
dense breasts compared with those with fatty 
breasts in women diagnosed at the first screening 
round but not in those diagnosed at later rounds 
(rounds 5–10) (van Gils et al., 1998).

[The Working Group noted that although 
breast cancers occurring in dense breasts are 
more likely to be interval cancers, there is no 
indication that breast cancer survival rates 
are poorer for these cancers (despite a shorter 
lead-time bias). In addition, the studies were 
performed with screen-film mammography, so 
it is difficult to extrapolate the results to digital 
methods.]

(e) Effects of population-based 
mammography screening in the presence 
of adjuvant systemic therapy

RCTs of mammography screening, mostly 
performed in the 1980s or earlier, have reported 
reductions in breast cancer mortality in women 
aged 50–69 years. However, the present-day rele-
vance of these trials has been debated because 
the management and treatment of breast cancer 
has changed considerably in the past decades 
(Gøtzsche & Nielsen, 2009; Kalager et al., 2010; 
Paci & EUROSCREEN Working Group, 2012; 
Marmot et al., 2013). Adjuvant systemic therapy 
has been increasingly used since the late 1980s, 
and its dissemination and effectiveness have 
progressed since then (van de Velde et al., 2010). 
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Such developments have probably affected the 
impact of screening, also in service screening 
programmes (Berry et al., 2005). This section 
discusses studies of the effects of adjuvant 
systemic therapy and mammography screening 
in current health-care systems.

The effects of adjuvant treatment and 
mammography screening were calculated for 
the Netherlands using the Microsimulation 
Screening Analysis (MISCAN) model (de Gelder 
et al., 2015). [Models can extrapolate findings 
from screening and adjuvant treatment trials to 
actual populations, can allow for comparison of 
intervention strategies, and can separate effects 
on the natural history of disease, for example 
screening effects and adjuvant treatment effects 
(Berry et al., 2005; Mandelblatt et al., 2009) (see 
Section  5.1.2f).] In the MISCAN model, the 
progression was modelled as a semi-Markov 
process through the successive preclinical inva-
sive stages T1a, T1b, T1c, and T2+. The mean 
duration of the preclinical detectable phase, the 
probability of a transition between the stages, 
and the mammography sensitivity were then 
estimated, using detailed data from screening 
registries. Data on adjuvant systemic therapy 
were derived from comprehensive cancer centres. 
Cure and survival rates after screen detection 
were based on RCTs (de Koning et al., 1995; Tabár 
et al., 2000; Nyström et al., 2002; Bjurstam et al., 
2003). The risk of death from breast cancer after 
adjuvant treatment was modelled using the rate 
ratios from the meta-analysis of the Early Breast 
Cancer Trialists’ Collaborative Group (2005). In 
2008, adjuvant treatment was estimated to have 
reduced the breast cancer mortality rate in the 
simulated population by 13.9%, compared with 
a situation without treatment. Biennial screening 
between age 50  years and age 74  years further 
reduced the mortality rate by 15.7%. Extending 
screening to age 48 years would lower the mortality 
rate by 1.0% compared with screening from age 
50 years; 10 additional screening rounds between 
age 40 years and age 49 years would reduce this 

rate by 5.1%. Adjuvant systemic therapy and 
screening reduced breast cancer mortality by 
similar amounts.

A previous modelling study, which included 
six natural history models for the population in 
the USA, had estimated an approximately equal 
contribution of adjuvant therapy and screening 
to the observed mortality reduction in the USA 
(Berry et al., 2005), using very similar techniques 
to those described above.

These analyses have recently been updated, 
taking into account the receptor-specific heter-
ogeneity of breast cancer (Munoz et al., 2014), 
by using six established population models with 
ER-specific input parameters on age-specific inci-
dence, disease natural history, mammography 
characteristics, and treatment effects to quantify 
the impact of screening and adjuvant therapy on 
age-adjusted breast cancer mortality in the USA 
by ER status from 1975 to 2000. In 2000, actual 
screening and adjuvant treatment were estimated 
to have reduced breast cancer mortality by 34.8%, 
compared with the situation if no screening or 
adjuvant treatment had been present; a reduction 
by 15.9% was estimated to have been a result of 
screening, and 23.4% as a result of treatment. 
For ER-positive cases, adjuvant treatment made 
a higher relative contribution to breast cancer 
mortality reduction than screening, whereas for 
ER-negative cases the relative contributions were 
similar for screening and adjuvant treatment. 
Although ER-negative cases were less likely to 
be screen-detected than ER-positive cases (35.1% 
vs 51.2%), when they were screen-detected, the 
survival gain was greater for ER-negative cases 
than for ER-positive cases (5-year breast cancer 
survival, 35.6% vs 30.7%).
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5.3 Adverse effects of 
mammography

5.3.1 False-positive rates

A screening test is not diagnostic but should 
identify asymptomatic women who are at risk 
of harbouring an undiagnosed cancer. The 
screening episode in organized screening should 
end with an unequivocal diagnostic report: there 
is or there is not cancer (Perry et al., 2006). A 
woman in whom an abnormality is detected by 
screening and whose investigations end with a 
negative result has a false-positive result. This 
result closes the screening episode. 

In a recent survey of 20 population-based 
screening programmes in 17 European countries, 
the Euroscreen and EUNICE Working Group 
(Hofvind et al., 2012a) reported average recall 
rates varying from 9.3% at the initial screening 
episode (range, 2.2–15.6%) to 4.0% at subse-
quent screening episodes (range, 1.2–10.5%). 
The average rates of needle biopsy were 2.2% 
at the initial screening and 1.1% at subsequent 
screenings. The variation depends on differences 
between national protocols and a variety of local 
conditions. Over the whole diagnostic phase, the 
benign-to-malignant ratio ranged from 0.09 in 
the United Kingdom to 0.21 in Luxembourg, 
with an average of 0.11.

The difference in the performance of the 
assessment phase between opportunistic 
screening and service screening has been esti-
mated by comparing screening in the USA 
and population-based programmes in Europe. 
Smith-Bindman et al. (2005) compared the 
performance of screening in the United Kingdom 
and the USA. The outcomes included (per 1000 
women screened for 20 years) a detection rate of 
carcinoma in situ of 12.3 in the USA compared 
with 8.3 in the United Kingdom, a rate of non-in-
vasive diagnostic tests for assessment of recalled 
women of 553 in the USA compared with 183 
in the United Kingdom, and a biopsy rate of 

142 in the USA compared with 85 in the United 
Kingdom, of which 54 and 25, respectively, were 
open surgical biopsies.

Hofvind et al. (2012b) compared the Norwe-
gian mammography screening programme with 
screening practice in Vermont, USA (Vermont 
is a member of the Breast Cancer Surveillance 
Consortium, an initiative of the United States 
National Cancer Institute), showing that higher 
recall rates and lower specificity in the USA were 
not associated with higher sensitivity. These differ-
ences may be explained by professional practices, 
since screening centres in the USA usually have 
small volumes of mammography readings, and 
double reading is not a quality requirement in 
the USA as it is in Europe (Burnside et al., 2014).

The cumulative risk of a false-positive recall 
is one of the most important harms of screening. 
The false-positive rate is estimated from the 
recall rate by subtracting the cancer detection 
rate in the same screening episode. The cumu-
lative risk of a false-positive result is defined as 
the cumulative risk of recall for further assess-
ment at least once during the screening period 
(usually 10 biennial screening episodes in organ-
ized programmes) minus the cumulative risk of 
cancer detection over the same period. There is 
a similar definition for the cumulative risk of 
having an invasive procedure (needle biopsy or 
surgical biopsy) with a benign outcome.

A systematic review has been made of 
publications estimating the cumulative risk of 
a false-positive result in European population- 
based mammography screening programmes 
(Hofvind et al., 2012a). Four studies were included, 
based on data from the 1990s and conducted 
in Denmark, Italy, Norway, and Spain. Results 
updated with a further 9 years of experience in 
Norway have since been published (Román et al., 
2013). The cumulative risk of any further assess-
ment without cancer diagnosis varied from 8.1% 
to 20.4% in the most recent period (ending vari-
ously in 2001 to 2010), and the cumulative risk of 
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assessment with an invasive procedure without 
cancer diagnosis varied from 1.8% to 4.1%.

The cumulative risk of false-positives is higher 
in opportunistic mammography screening, 
which is the usual modality in the USA. Elmore et 
al. (1998) estimated that 41% of screened women 
had at least one false-positive result over 10 
screening episodes. Hubbard et al. (2010) applied 
statistical models to more recent data from the 
Breast Cancer Surveillance Consortium for 
women aged 40–59 years at entry and followed 
up over their screening history. The risk of a 
false-positive over 10 screening mammograms 
varied between 58% and 77%.

Román et al. (2012) assessed factors affecting 
the false-positive rate after any assessment, 
and after assessment with an invasive proce-
dure, in a retrospective cohort in Spain. The 
authors reported that the false-positive risk after 
assessment with an invasive procedure was less 
for digital mammography (RR, 0.83) than for 
non-digital mammography, and they estimated 
a total cumulative risk of 20.4%, ranging from 
51.4% for the highest risk profile to 7.5% for the 
lowest risk profile. The risk after assessment with 
all procedures and with invasive procedures 
was estimated to be higher for younger women 
(OR, 1.30 for age 40–44 years; OR, 1.26 for age 
40–54 years; reference category, age 65–69 years).

In the USA, Kerlikowske et al. (2013) 
assessed the cumulative risk by breast density 
and risk profile. The cumulative probability of a 
false-positive mammography result was higher 
among women with extremely dense breasts who 
underwent annual mammography and either 
were aged 40–49 years (65.5%) or used combined 
estrogen–progestogen hormone therapy (65.8%), 
and was lower among women aged 50–74 years 
who underwent biennial or 3-yearly mammog-
raphy and had scattered fibroglandular densities 
(30.7% and 21.9%, respectively) or fatty breasts 
(17.4% and 12.1%, respectively).

Indicators of the cumulative risk of false-pos-
itives are included as possible harms of screening 

in the balance sheet of benefits and harms. The 
Euroscreen mammography screening balance 
sheet considered 1000 women who were aged 50 
or 51 years at the start of their screening regimen. 
The cumulative risk of false-positives was esti-
mated to be 200 over the 10 screening rounds 
from age 50  years to age 69  years; 170 women 
were recalled for further assessment without 
invasive procedures, and 30 women had further 
assessment with invasive procedures (Paci & 
EUROSCREEN Working Group, 2012).

5.3.2 Overdiagnosis

The definition of overdiagnosis and esti-
mates of overdiagnosis in randomized trials of 
mammography screening have been presented 
in Section  4.2.3c. The quantification of overdi-
agnosis is important in observational studies 
because this harm was not a primary end-point 
of the RCTs and estimates are influenced by local 
screening practice and technological innovation. 
Other approaches, such as radiological doubling 
time, have been suggested as useful indicators 
for the study of overdiagnosis, but in this section 
overdiagnosis is considered as an epidemiolog-
ical construct, based on a retrospective analysis 
of breast cancer diagnosis in the population.

Several approaches have been proposed 
for estimating overdiagnosis in observational 
studies.

The cumulative incidence method estimates 
overdiagnosis by following up a cohort of 
women, invited and not invited to screening or 
screened and not screened. The ideal study would 
require the follow-up of pairs of birth or enrol-
ment age cohorts in which one cohort is invited 
to screening and the other is not invited (Møller 
et al., 2005; Biesheuvel et al., 2007). The attribu-
tion of an individual time zero to each invited 
woman allows for estimation of changes in inci-
dence over the screening period in the popula-
tion and monitoring of the compensatory drop 
phase after the end of screening (Fig. 5.2).
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Fig. 5.2 Observed and modelled breast cancer incidence per 100 000 person–years in the 
presence and absence of screening in 1990–2006

Values after years indicate: percentage of the target population aged 49–69 years invited, fraction of prevalent screenings. (A) 1990: 9.2%, 74%; 
(B) 1992: 47.4%, 77%; (C) 1994: 74.3%, 49%; (D) 1996: 92.0%, 39%; (E) 1998: 80.8%, 20%; (F) 1999: 91.8%, 19%; (G) 2000: 94.4%, 18%; (H) 2002: 
96.1%, 14%; (I) 2004: 95.8%, 14%; (J) 2006: 92.2%, 13%. Solid lines, modelled with screening; dashed lines, modelled without screening; triangles, 
observed.
From de Gelder et al. (2011a). Interpreting overdiagnosis estimates in population-based mammography screening, Epidemiologic Reviews, 2011, 
volume 33, issue 1, pages 111–121, by permission of Oxford University Press.
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The incidence-rate method compares the 
average annual incidence of breast cancer over 
a defined period of follow-up in a specified age 
group of women who were offered or accepted 
screening with an estimate of the average 
annual incidence of breast cancer during the 
same period in women who were not offered 
screening or were not screened. Overdiagnosis is 
taken to be any excess in incidence in the former 
over the latter once the screening lead time has 
been accounted for. Several methods have been 
suggested for the adjustment for lead time, with 
the aim of overcoming the frequent difficulty of 
too short a follow-up period for the lead time to 
have passed in all women under observation who 
had been invited to screening or were screened.

In a methodological study, Etzioni et al.  
(2013) contrasted an incidence excess approach 
with a lead-time approach. The lead-time 
approach uses the disease incidence under 
screening to make inferences about the lead 
time or the natural history of the disease. Using 
the incidence excess approach, the authors 
suggested that the estimate should consider the 
time needed for screening dissemination and 
the compensatory drop, as expressed by inci-
dence rates at older ages. In the presence of a 
shorter follow-up time and/or unequal screening 
periods in the age cohorts of women, statistical 
adjustment for lead time is required. This can 
be based on estimates of lead time derived from 
clinical cancers (such as estimates derived from 
experience before the introduction of popula-
tion screening programmes) or estimates from 
modelling studies.

Simulation, using statistical modelling, of 
lifetime individual histories with or without 
screening is often used to overcome the 
complexity of screening evaluation, in particular 
to account for lead time and to give understand-
able outcomes (see Section 5.1.2f). Complex 
models such as these need a set of assumptions 
about natural history of the disease and screening 
performance (Tan et al., 2006), which would 

ideally be clearly stated in reports based on the 
models’ use but generally are not. Importantly, 
too, a paucity of relevant empirical evidence 
means that assumptions about the proportion of 
preclinical cancers that are non-progressive and 
the range and distribution of lead time, which 
are critical to modelled estimates of overdiag-
nosis, are very uncertain.

Duffy & Parmar (2013), using estimates of 
the incidence rate in the United Kingdom and an 
exponential distribution of the lead time, simu-
lated the time course of incidence rates during 
and after the screening period in the absence of 
overdiagnosis. With a 20-year period of screening 
(from age 50 years to age 69 years), a period of 
at least 10 years must elapse after the screening 
period (to when women are aged 79  years) for 
the excess incidence rate to be close to the rate 
observed in the absence of screening (to within 
1% of excess with 30 years of follow-up from the 
start of screening). It is important to note that 
in the same simulation, 10 years of observation 
of a population of women screened from age 
50–69 years at the start of screening will give an 
incidence excess of 50%. This model assumed an 
average lead time of 40 months. However, some 
estimates are much lower (see, for example, 
Feinleib & Zelen, 1969). Although there is disa-
greement over the average and distribution of 
lead time for breast cancer, the main conclusion 
is that an adequate correction for lead time is 
needed in the absence of a sufficient follow-up 
period to distinguish excess of incidence due to 
lead time from overdiagnosis.

An important factor determining the obser-
vational estimate of overdiagnosis is the esti-
mate of the underlying incidence. In descriptive 
epidemiological studies, an estimate of incidence 
in the absence of screening is needed. In compar-
ative studies, the reference population should be 
comparable to the invited population so far as 
is possible in terms of the background incidence 
rate, breast cancer risk factors, socioeconomic 
status, and use of health services other than for 
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mammography. If rates from the same or another 
historical (pre-screening) population are used, 
the time trend in the underlying incidence must 
be estimated, a projection made to the screened 
population, and sensitivity analyses of the esti-
mates made that take account of variation in the 
trend due to unpredicted changes in population 
composition or the prevalence of risk factors. 
Self-selection bias should also be considered and 
adjusted for if attenders only are evaluated.

Adjustment for lead time and estimation of 
the underlying incidence of breast cancer in the 
absence of screening (control of confounding 
due to differences in breast cancer risk factors 
between screened and unscreened women) were 
considered as the main problems in estimating 
overdiagnosis in observational studies (Njor et 
al., 2013a), but these are not the only factors to be 
considered. Others include (Njor et al., 2013a): the 
nature and quality of the observational data used; 
what estimate was actually reported as a measure 
of overdiagnosis (ideally classified in the terms 
outlined by the Independent UK Panel on Breast 
Cancer Screening, 2012), which is sometimes 
not clearly described, and, for the Independent 
United Kingdom Panel’s measure A or B, how 
long the period of follow-up was after screening 
stopped (periods beyond about 10 years from the 
end of screening will cause progressive “dilu-
tion” of the overdiagnosis estimate; de Gelder 
et al., 2011a); whether the estimate was based 
on women invited to screening or women who 
attended screening; what the screening policies 
were during the period of screening to which 
the overdiagnosis estimate related (e.g. age at 
starting and at stopping screening, and screening 
interval); and whether the estimate is based on 
steady-state screening or screening that includes 
all or a proportion of the period after initiation of 
screening during which women across the whole 
screening age range are receiving their first invi-
tations to screening (inclusion of this period will 
produce higher estimates due to greater inclusion 
of prevalent screens, in which the probability of 

overdiagnosis is higher than it is for incident 
screens).

Observational studies of overdiagnosis for 
women aged 50–69  years are summarized in 
Table  5.11 and Table  5.12. Table  5.11 covers 
studies reviewed by the Euroscreen Working 
Group (Puliti et al., 2012), which included all 13 
observational studies conducted in Europe that 
were published up to February 2011. Table 5.12 
covers 17 studies conducted in Europe and 
published from February 2011 to November 
2014, when the Handbook Working Group met, 
or conducted outside Europe and published up to 
November 2014.

Estimates of the overdiagnosis risk, princi-
pally the Independent United Kingdom Panel’s 
measure A (the excess cancers expressed as a 
proportion of cancers diagnosed over the whole 
follow-up period in unscreened women), ranged 
from −0.7% to 76% for invasive cancer only and 
from 1% to 57% for invasive and in situ cancers 
together.

The Euroscreen Working Group character-
ized overdiagnosis estimates as made with or 
without correction for lead time and underlying 
incidence trend. The reported estimates that 
were considered as adequately adjusted for both 
biases (from 6 of the 13 studies) ranged from 1% 
to 10% excess over the expected incidence for all 
breast cancers (measure A) (1% to 10% for inva-
sive cancer only, from 4 studies, and 1% to 7% for 
invasive and in situ cancers, from 4 studies). The 
majority of the studies used temporal trends or 
geographical differences in dynamic populations 
to adjust for the underlying incidence. Only two 
studies used the cohort population approach, 
and a few studies used statistical modelling for 
the estimate. The Euroscreen Working Group 
derived a summary estimate of overdiagnosis of 
6.5% of the incidence in the absence of screening. 
This is the estimate of the overdiagnosis in 
women screened between the ages of 50  years 
and 69 years and followed up for 10 years after 
the last screening, and included carcinoma in 
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368 Table 5.11 Studies of the estimates of overdiagnosis in Europea

Reference Population Intervention Comparison Outcomesb

Country 
(area) 
Calendar 
period of 
screeningc

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningd

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment 
for lead time

Mean follow-
up after end 
of screening 
(range)

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Peeters et 
al. (1989a, 
b)

Netherlands 
(Nijmegen) 
1975–1986

Dynamic 
population 
Ecological

35–65+ yr 
2 yr 
1975

Incidence 
in county 
not invited 
to screening 
(1970–1975)

Birth year No adjustment Not applicable NR 11%

Paci et al. 
(2004)

Italy 
(Florence) 
1990–1999

Dynamic 
population 
Cohort

50–69 yr 
2 yr 
1990

Pre-screening 
incidence 
(1985–1990)

Age Statistical 
adjustment

Not applicable 0–1% 5%

Zahl et al. 
(2004)

Norway 
(AORH 
counties) 
1996–2000

Dynamic 
population 
Ecological

50–69 yr 
2 yr 
1996

(i) Pre-screening 
incidence (1991–
1995, projected to 
2000) 
(ii) Contemporary 
incidence in 
unscreened 
counties  
(1991–2000)

Age, temporal 
trend

No 
adjustmente

2.5 yr (1–4 yr) 54% NR

Zahl et al. 
(2004)

Sweden 
1986–2000

Dynamic 
population 
Ecological

40–74 yr; 
50–74 yr 
2 yr 
40–49 yr 
18 mo 
1986

Pre-screening 
incidence (1971–
1985, projected to 
2000)

Age, temporal 
trend

No 
adjustmente

Compensatory 
drop not 
considered in 
analysis

45% NR

Jonsson et 
al. (2005)

Sweden (11 
counties) 
1986–2000

Dynamic 
population 
Ecological

40–74 yr; 
50–74 yr 
2 yr 
40–49 yr 
18 mo 
1986

Pre-screening 
incidence 
(1971–1985)

Age, temporal 
trend, and area

Statistical 
adjustment

12.8 yr 0–54%, 
depending on 
age

NR

Olsen et al. 
(2006)

Denmark 
(Copenhagen) 
1991–1995

Fixed 
population 
Cohort

50–69 yr 
2 yr 
1991

Incidence among 
screened women

Not needed Statistical 
adjustment

Not applicable NR 7%f
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Reference Population Intervention Comparison Outcomesb

Country 
(area) 
Calendar 
period of 
screeningc

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningd

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment 
for lead time

Mean follow-
up after end 
of screening 
(range)

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Paci et al. 
(2006)

Italy (6 
northern and 
central areas) 
1991–2001

Dynamic 
population 
Cohort

50–74 yr 
2 yr 
1991

Pre-screening 
incidence (1986–
1990, in women 
aged 40–79 yr)

Age, temporal 
trend, and area

Statistical 
adjustment

Not applicable 3.2% 4.6%

Waller et 
al. (2007)

England and 
Wales 
1987–2001

Dynamic 
population 
Ecological

50–64 yr 
(extended to 
age 70 yr in 
2001) 
3 yr 
1988

Pre- and 
post-screening 
incidence 
(1971–2001)

Age, period, 
birth cohort, 
use of HRT

Compensatory 
drop

1–3 yr 10%e NR

Jørgensen& 
Gøtzsche 
(2009)

England and 
Wales 
1987–1999

Dynamic 
population 
Ecological

50–64 yr 
3 yr 
1987

Pre-screening 
incidence 
(1971–1984)

Age and 
temporal trend

Compensatory 
drop

2.3 yr (0–15 yr) 41% 57% 
(assuming 
10% CIS)

Jørgensen 
& Gøtzsche 
(2009)

Sweden 
1986–2006

Dynamic 
population 
Ecological

Different age 
ranges: the 
broadest, 
40–74 yr; 
the most 
common, 
50–74 yr 
2 yr 
40–49 yr 
18 mo 
1986

Pre-screening 
incidence 
(1971–1985)

Age and 
temporal trend

Compensatory 
drop

3.9 yr (1–10 yr) 31% 46% 
(assuming 
10% CIS)

Jørgensen& 
Gøtzsche 
(2009)

Norway 
(AORH 
counties) 
1995–2006

Dynamic 
population 
Ecological

50–69 yr 
(and 50% 
of the 
population 
aged 
70–74 yr) 
2 yr 
1995

Pre-screening 
incidence 
(1980–1994)

Age and 
temporal trend

Compensatory 
drop

4.7 (1–10 yr) 37% 52% 
(assuming 
10% CIS)

Table 5.11   (continued)
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Reference Population Intervention Comparison Outcomesb

Country 
(area) 
Calendar 
period of 
screeningc

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningd

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment 
for lead time

Mean follow-
up after end 
of screening 
(range)

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Puliti et al. 
(2009)

Italy 
(Florence) 
1990–2004

Birth 
cohort

50–69 yr 
2 yr 
1990

Pre-screening 
incidence 
(1986–1990)

Age and 
temporal trend

Compensatory 
drop

4.7 yr 
(1–14 yr)

0.99% 1.0%

Jørgensen 
et al. (2009)

Denmark 
(Copenhagen 
and Funen) 
1991–2003

Dynamic 
population 
Ecological

50–69 yr 
2 yr 
Copenhagen: 
1991 
Funen: 1993

Incidence in 
neighbouring 
unscreened area 
(1971–1990)

Age Compensatory 
drop

4.6 yr 
(1–10 yr)

NR 33%

Duffy et al. 
(2010)

England 
1988–2004

Dynamic 
population 
Cohort and 
ecological

50–64 yr 
(extended 
to 70 yr in 
2001) 
3 yr 
1988

Pre-screening 
incidence 
(1974–1988)

Age and 
temporal trend

Compensatory 
drop

5 yr (1–15 yr) 3.3%e NR

Martinez-
Alonso et 
al. (2010)

Spain 
(Catalonia) 
1990–2004

Dynamic 
population 
Statistical 
model

50–64 yr 
(extended to 
65–69 yr) 
2 yr 
1990

Pre- and 
post-screening 
incidence (women 
aged 20–84 yr 
from 1980–2004)

Age, year of 
birth, fertility 
rate, and use of 
mammography

Statistical 
adjustment

Not applicable 0.4%–46.6%, 
depending on 
birth cohort

NR

de Gelder 
et al. 
(2011b)

Netherlands 
1989–2006

Dynamic 
population 
MISCAN 
model

49–69 yr 
(extended to 
74 yr) 
2 yr 
1990

Predicted 
incidence without 
screening

Not needed Compensatory 
drop

6.1 yr 
(1–16 yr)

NR 3.6%

a  Studies published up to February 2011 and included in the review by Euroscreen.
b  Measures of overdiagnosis are equivalent to measure A of the Independent UK Panel on Breast Cancer Screening (2012).
c  Period of screening that contributed to the estimate of overdiagnosis.
d  First year of the screening programme or intervention to which the overdiagnosis estimate relates.
e  A compensatory drop was observed by Zahl et al. (2004) (11% in Norway and 12% in Sweden) but was not taken into account in the estimation of overdiagnosis because it was not 
statistically significant.
f  Recalculated as measure A by Puliti et al. (2012).
AORH, Akershus, Oslo, Rogaland, Hordaland; CIS, carcinoma in situ; HRT, hormone replacement therapy; MISCAN, Microsimulation Screening Analysis; NR, not reported; yr, year or 
years.
Modified from Puliti et al. (2012).  

Table 5.11   (continued)



Breast cancer screening

371

Table 5.12 Studies of estimates of overdiagnosis in Europe (published from February 2011 to November 2014) and in other 
countries (published up to November 2014) 

Reference Population Intervention Comparison Outcomes

Country 
(area) 
Calendar 
period of 
screeninga

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningb

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment for 
lead time

Measure of 
overdiagnosisc

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Jørgensen 
& 
Gøtzsche 
(2009)

Australia 
(New South 
Wales) 
1996–2002

Dynamic 
population 
Ecological

50–69 yr 
2 yr 
1988

Pre-screening 
incidence 
(1972–1987)

Age and 
temporal 
trend

Compensatory 
drop: no drop 
was observed 
in women aged 
70–79 yr

Measure A 38% 53%

Jørgensen 
& 
Gøtzsche 
(2009)

Canada 
(Manitoba) 
1995–2005

Dynamic 
population 
Ecological

50–69 yr 
(extended to 
70–84 yr)  
2 yr 
1995 
(Opportunistic 
screening 
began in 
1979)

Pre-screening 
incidence 
(1970–1978)

Age and 
temporal 
trend

Compensatory 
drop: allowed 
for a decrease 
in incidence in 
women aged 
70–84 yr

Measure A 35%d 44%

Morrell et 
al. (2010)

Australia 
(New South 
Wales) 
1999–2001

Dynamic 
population 
Ecological

50–69 yr 
2 yr 
1988

(i) Incidence 
trend in women 
aged < 40 yr and 
≥ 80 yr  
(1972–2001) 
(ii) Pre-screening 
incidence trend 
in women 
aged 50–69 yr 
(1972–1983)

Age, use of 
HRT, obesity, 
nulliparity, 
and temporal 
trend

Statistical 
adjustment 
assuming 5 yr 
lead time

Measure A (i) 42% 
(ii) 30%

NR
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Reference Population Intervention Comparison Outcomes

Country 
(area) 
Calendar 
period of 
screeninga

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningb

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment for 
lead time

Measure of 
overdiagnosisc

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Junod et 
al. (2011)

France 
1988–2005

Dynamic 
population 
Ecological

50–69 yr 
(1988–1998)  
50–74 yr 
(1999–
present) 
3 yr  
(1988–1998) 
2 yr  
(1999–
present) 
1988

(i) For women 
aged 50–64 yr, 
incidence in the 
same age cohort 
born 15 yr earlier 
(1926–1930) 
(ii) For women 
aged 65–79 yr, 
incidence in the 
same age cohort 
born 15 yr earlier 
(1911–1915)

Age, use of 
HRT, alcohol, 
and obesity

None Measure A (i) 76% 
(ii) 23%

NR

Seigneurin 
et al. 
(2011)

France 
(Isère) 
1991–2006

Statistical 
model 
of birth 
cohorts 
1922–1956

50–69 yr 
2 yr and 
opportunistic 
1991

Predicted 
pre-screening 
incidence (birth 
cohorts 1900–
1950)

Age, temporal 
trend, and 
opportunistic 
screening

Simulation of 
sojourn times 
with various 
distributions 
of unknown 
parameters

Excess cancers 
as a proportion 
of: 
(i) those 
detected by 
screening 
(ii) those 
diagnosed 
in the whole 
population

(i) 3.3%  
(ii) 1.5%

Only in situ: 
(i) 31.9% 
(ii) 28.0% 
31.9%

Zahl & 
Mæhlen 
(2012)

Norway 
1996–2009

Dynamic 
population 
Ecological

50–69 yr 
2 yr 
1996

Pre-screening 
incidence 
(1991–1995)

Age, area, 
population 
growth, 
introduction 
of screening 
mammography, 
and temporal 
trend

Compensatory 
drop: 1–14 yr 
since last screen

Measure A NR 50%

Puliti et 
al. (2012)

Italy 
(Florence) 
1991–2008

Dynamic 
population 
Cohort

60–69 yr 
2 yr 
1991

Incidence in 
screening non-
attenders

Age, marital 
status, and 
SES

Compensatory 
drop: 5–14 yr 
since last screen

Measure A 5% 10%

Table 5.12   (continued)
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Reference Population Intervention Comparison Outcomes

Country 
(area) 
Calendar 
period of 
screeninga

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningb

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment for 
lead time

Measure of 
overdiagnosisc

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Kalager et 
al. (2012)

Norway 
1996–2005

Dynamic 
population 
Ecological

50–69 yr 
2 yr 
1996

(i) Contemporary 
incidence in 
county not 
invited to 
screening 
(1996–2005) 
(ii) Historical 
county pre-
screening 
incidence 
(1986–1995)

Age, temporal 
trend, and 
area

Compensatory 
drop: included 
women up to 
age 79 yr in 
incidence and 
up to 10 yr 
since last screen

Measure A (i) 18% 
(ii) 25%e

NR

Bleyer 
&Welch 
(2012)

USA 
1979–2008

Dynamic 
population 
Ecological

≥ 40 yr 
1 yr 
1971

Incidence before 
widespread 
screening 
(1976–1978)

Age, use of 
HRT, and 
temporal 
trend

No explicit 
adjustment 
for lead time. 
Overdiagnosis 
estimated from 
difference 
between 
increase in 
incidence of 
early breast 
cancer and fall 
in incidence 
of advanced 
breast cancer 
when screening 
steady state 
reached

Overdiagnosed 
cancers as a 
percentage 
of all cancers 
diagnosed in 
the population

20% 31%

Table 5.12   (continued)
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Reference Population Intervention Comparison Outcomes

Country 
(area) 
Calendar 
period of 
screeninga

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningb

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment for 
lead time

Measure of 
overdiagnosisc

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Falk et al. 
(2013)

Norway 
1995–2009

Dynamic 
population 
Cohort

48–71 yr 
2 yr 
1995

Incidence in 
women who had 
never attended 
screening in three 
groups:  
(1) pre-screening 
modelled 
incidence based 
on women aged 
40 yr in 1993–
1995 
(2) pre-screening 
incidence in 
women of 
screening age in 
1980–1984 
(3) pre-screening 
incidence in 
women in birth 
cohort 1903–1907

Age, area, 
calendar year, 
and temporal 
trend

Compensatory 
drop: up to 
10 yr since last 
screen

Measure A Attenders:  
11.4–13.4% 
Invited:  
9.6–11.3%

Attenders:  
16.5–19.6% 
Invited:  
13.9–16.5%

Lund et al. 
(2013)

Norway 
2002–2010

Dynamic 
population 
Cohort

52–69 yr 
2 yr 
2002

Incidence in 
unscreened 
women

Age, parity, 
use of HRT, 
family history, 
and BMI

Compensatory 
drop: included 
women up to 
age 79 yr in 
incidence

Measure A 7.5% 22.0%

Table 5.12   (continued)
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Reference Population Intervention Comparison Outcomes

Country 
(area) 
Calendar 
period of 
screeninga

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningb

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment for 
lead time

Measure of 
overdiagnosisc

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Njor et al. 
(2013b)

Denmark 
(Copenhagen 
and Funen) 
(i) Copenha-
gen: 
1991–2005 
(ii) Funen: 
1993–2004

Dynamic 
population 
Birth 
cohorts:  
(i) 1921–
1935 
(ii) 1923–
1934

56–69 yr 
2 yr 
(i) 1991 
(ii) 1993

Incidence in: 
(1) historical pre-
screening birth 
cohorts from 
same regions 
(2) contemporary 
regions not 
invited to 
screening 
(3) national 
pre-screening 
historical birth 
cohort

Temporal 
trend and area

Compensatory 
drop: ≥ 8 yr 
since last screen

Measure A (i) 5% 
(ii) 1%

(i) 6% 
(ii) 1% 
Pooled: 2.3%

Coldman 
& Phillips 
(2013)

Canada 
(British 
Columbia) 
2000–2009

Dynamic 
population 
Cohort

40–49 yr 
1 yr 
≥ 50 yr 
2 yr 
1988

Incidence in 
women who 
did not attend 
screening

Age Compensatory 
drop: included 
women up 
to age 89 yr 
(screening 
ceased at age 
79 yr)

Measure A 5.4% 17.3%

Coldman 
& Phillips 
(2013)

Canada 
(British 
Columbia) 
1988–2009

Dynamic 
population 
Ecological

40–49 yr 
1 yr 
≥ 50 yr 
2 yr 
1988

Pre-screening 
incidence (1970–
1979) projected to 
2005–2009

Age and 
temporal 
trend

Compensatory 
drop: included 
women up 
to age 89 yr 
(screening 
ceased at age 
79 yr)

Measure A −0.7% 6.7%

Table 5.12   (continued)
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Reference Population Intervention Comparison Outcomes

Country 
(area) 
Calendar 
period of 
screeninga

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningb

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment for 
lead time

Measure of 
overdiagnosisc

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Heinävaara 
et al. 
(2014)

Finland 
(Helsinki) 
1986–1997

Dynamic 
population 
Ecological

50–59 yr 
2 yr 
1986

Incidence in: 
(i) last unscreened 
birth cohort 
(1930–1934) 
(ii) 5-yr birth 
cohorts from 
1920–1924 to 
1930–1934 (from 
statistical model)

Age and 
cohort

(i) Compensatory 
drop to 
13–14 yr since 
last screen 
(ii) Removal 
of modelled 
screening effect 
at age 50–59 yr 
and 60–64 yr 
from observed 
incidence in 
1935–1939 
cohort

Measure A NR (i) 7% 
(ii) 5%

Gunsoy et 
al. (2014)

United 
Kingdom 
1975−2013

Dynamic 
population 
Markov 
model

47–73 yr 
3 yr 
1988

Model calibrated 
against United 
Kingdom 
incidence rates 
for 1971–2010 
and cancer 
detection rates for 
screening from 
1994–2009

Not required Compensatory 
drop: 
minimum of 
12 yr of follow-
up since last 
screen

Measure A NR 5.6%

Table 5.12   (continued)
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Reference Population Intervention Comparison Outcomes

Country 
(area) 
Calendar 
period of 
screeninga

Type of 
population 
and study 
design

Age and 
interval of 
screening 
Start year of 
screeningb

Reference 
population

Adjustment 
for breast 
cancer risk

Adjustment for 
lead time

Measure of 
overdiagnosisc

Estimate of 
overdiagnosis 
(only 
invasive)

Estimate of 
overdiagnosis 
(in situ and 
invasive)

Beckmann 
et al. 
(2015)

Australia 
(South 
Australia) 
1989–2010

Dynamic 
population 
Case–
control 
study 
nested 
within a 
cohort

40–69 yr 
1 yr 
(increased 
risk) or 2 yr 
1989

Women who 
did not attend 
screening in 
1989–2010

Age, temporal 
trend (1977–
1988), SES, 
and area

Compensatory 
drop: included 
women up to 
age 85 yr in 
incidence and 
≥ 10 yr since 
last screen

Measure Af [8.3%] [16.0%]

a  Period of screening that contributed to the estimate of overdiagnosis.
b  First year of the screening programme or intervention to which the overdiagnosis estimate relates.
c  Measures are equivalent to measure A of the Independent UK Panel on Breast Cancer Screening (2012) unless otherwise indicated.
d  This estimate was not adjusted for lead time.
e  Results are those from the authors’ Approach 1, which the Working Group considered to be the preferred of the two approaches the authors took to adjustment for lead time.
f  The estimate of the percentage risk of overdiagnosis reported in Beckmann et al. (2015) is measure B, with women exposed to screening as the denominator. The Working Group 
recalculated this as measure A using data provided in Beckmann et al. (2015).
BMI, body mass index; HRT, hormone replacement therapy; NR, not reported; OD, overdiagnosis; SES, socioeconomic status; yr, year or years.

Table 5.12   (continued)
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situ (Paci & EUROSCREEN Working Group, 
2012), measure A as defined by the Independent 
UK Panel on Breast Cancer Screening (2012).

The IARC Working Group also sought to 
distinguish analyses that adequately adjusted for 
lead time and for the underlying breast cancer 
incidence trend: these were the analyses of Puliti 
et al. (2012), Kalager et al. (2012), Falk et al. (2013), 
Lund et al. (2013), Njor et al. (2013a), Heinävaara 
et al. (2014) (estimate A1 only), and Beckmann 
et al. (2015). The range of estimates from these 
studies was 2% to 25% for invasive cancer only 
and 2% to 22% for invasive and in situ cancers 
together.

5.3.3 Overtreatment

Over the past 50  years, breast cancer care 
has moved from aggressive, mutilating surgery 
to breast-conserving treatment (Fisher et al., 
2002; Veronesi et al., 2002). This change was the 
starting point for improvements in other treat-
ment and assessment areas, such as, for example, 
the sentinel lymph node procedure, which has 
been well established in clinical practice since the 
early 2000s (Veronesi et al., 2003). Detection of 
early, indolent lesions, such as carcinoma in situ 
(Ernster et al., 2002), is a major area of concern. In 
a recent international survey, Lynge et al. (2014) 
documented the wide variability in the occur-
rence of in situ breast cancer across countries. In a 
comparison with European programmes, higher 
probabilities for the occurrence of carcinoma 
in situ were reported in the USA. This finding 
is associated with higher false-positive rates and 
biopsy rates in the diagnostic assessment phase 
(Smith-Bindman et al., 2005).

Carcinomas in situ have high survival rates 
after treatment, but studies have shown that only 
a proportion of them, depending mainly on the 
pathological grade, would have progressed to 
invasiveness over the lifetime of the woman in the 
absence of early diagnosis. Overdiagnosed breast 
cancer cases are all overtreated. Carcinoma in 

situ is considered a major area of overtreatment. 
However, overtreatment is a harm not limited 
to screen-detected cases. Clinicians follow 
shared guidelines, primarily based on the stage 
at presentation of the disease. Screen-detected 
cases, when treated in the same cancer unit, will 
receive treatment by tumour characteristics. 
Chemotherapy and hormone therapy for breast 
cancer are progressively being extended to very 
early and less-progressive cancers (Peto et al., 
2012), with important implications when there is 
a growing proportion of early, high-survival-rate 
breast cancers.

An example of the relationship between 
overdiagnosis and overtreatment is the compar-
ison of mastectomy rates in the screening and 
pre-screening epochs. In a Cochrane system-
atic review (Gøtzsche & Jørgensen, 2013), a 31% 
increase in mastectomy and lumpectomy rates 
(20% excess of mastectomies) was estimated 
in the intervention group compared with the 
control group. This estimate considered all breast 
cancer cases detected in the screening period (i.e. 
the excess of incidence observed in the screening 
arm).

Zorzi et al. (2006) evaluated the use of mastec-
tomy in Italy in the period 1997–2001, during 
which a large number of screening programmes 
were implemented, using individual data classi-
fied by stage and modality of diagnosis in relation 
to screening. The probability of a mastectomy 
increased with age and primary tumour size, 
and screen-detected cases were half as likely to be 
treated with mastectomy as non-screen-detected 
cases. The increasing rates of early-stage cancers 
(< 30 mm) and the use of breast-conserving treat-
ment paralleled a decline in the mastectomy rate 
and in the incidence of advanced-stage cancers 
(>  30  mm), showing an appropriate use of the 
surgical approach.

Suhrke et al. (2011), using population-based 
data in the epoch of change to a service screening 
programme, showed an increase in rates of breast 
surgery and also an increase in mastectomy 
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rates immediately after the start of the screening 
programme. They described a recent decline in 
mastectomy rates and suggested that the change 
affected all age groups and that it is likely to have 
resulted from changes in surgical policy.

5.3.4 Risk of breast cancer induced by 
radiation

Exposure of the breast to ionizing radiation 
may induce breast cancers (see Section  1.3.4). 
The low dose of X-ray photon radiation received 
during mammography is thus considered 
as a potential adverse effect of breast cancer 
screening. The number of cancers caused by 
screening with mammography must be esti-
mated to evaluate the balance between benefits 
and risks. However, due to the small number 
of expected cases, it is not possible to estimate 
such a number from epidemiological data. Thus, 
numerous studies have used a quantitative risk 
assessment approach. This approach is based 
on a large number of hypotheses arising from 
current scientific knowledge and on hypotheses 
about screening modalities.

(a) Hypotheses for quantitative risk assessment

(i) Hypotheses about risk models
Hypotheses about risk models come from 

the selection of the most reliable studies on the 
relationship between radiation exposure and 
breast cancer risk (see Section 1.3.4). Hypotheses 
are made about the form of this relationship, the 
modifying effect of time and age at exposure, 
the latency time between exposure and risk, and 
transposition from high to low dose and low 
exposure rate.

The most recent models for such an exercise 
in the general population arise from the BEIR VII 
models of the United States National Academy of 
Sciences (National Research Council, 2006), with 
recommendations of the use of an excess abso-
lute risk model for breast cancer risk (National 
Research Council, 2006; ICRP, 2007; Wrixon, 

2008). This model assumes no threshold, even 
at a very low dose, and a decreasing effect with 
increasing age at exposure. Coefficients are esti-
mated from atomic bomb survivors and women 
medically exposed to radiation (see Section 1.3.4). 
Because these studies are based on a higher 
dose and a higher dose rate than those typically 
involved in mammography screening, an effort 
was made by some authors to produce results 
taking into account transposition factors from 
high to low dose and dose rate (dose and dose 
rate effectiveness factor). Values of this factor 
in the context of mammography generally vary 
between 1 and 2 (National Research Council, 
2006; Law et al., 2007; Heyes et al., 2009).

A hypothesis about the latency time for the 
induction of a breast cancer by radiation is also 
needed for risk assessment. A latency time of 
10  years is generally used, with values varying 
from 5 years to 15 years.

(ii) Hypotheses about doses received during 
mammography

The estimation of doses received by the 
glandular tissue of the breast depends on breast 
thickness and density. Based on an extensive 
literature review, a historical reconstruction of 
doses received during mammography shows 
a strong decrease over time, with an estimated 
mean glandular dose to the breast of 2 mGy per 
view since 2000 (Thierry-Chef et al., 2012) (see 
Section 1, Fig. 1.16). Moreover, recent use of 
digital mammography (instead of screen-film 
mammography) has led to new estimates of 
doses received (Hendrick et al., 2010; Hauge et 
al., 2014).

(iii) Hypotheses about the target population 
and screening modalities

To fully develop the risk assessment, scenarios 
for the target population and screening modali-
ties (age range, frequency, number of examina-
tions at each screening, additional views, etc.) 
have been developed.
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(b) Outcomes from risk assessment

Risk assessment studies provide estimated 
numbers of radiation-induced breast cancer 
cases and/or deaths, with a range of estimates 
according to variations in hypotheses. Estimation 
of prevented deaths based on assumptions about 
mortality reduction by screening modalities 
is performed in most studies, and calculation 
of benefit–risk is provided. Because the risk of 
radiation-induced cancer applies only to women 
who underwent mammography, hypotheses 
about mortality reduction should apply only 
to attendees; this is not always made explicit 
in publications. Thus, benefit–risk estimates 
provided by studies should be interpreted with 
caution.

(i) Risk assessment studies in the general 
population

Risk assessment studies performed in the 
early 2000s or earlier used risk models that 
are no longer recommended by international 
committees (Howe et al., 1981; Feig & Hendrick, 
1997; Beemsterboer et al., 1998a; Mattsson et 
al., 2000; Law & Faulkner, 2001, 2002, 2006; 
León et al., 2001; Berrington de González & 
Reeves, 2005; Ramos et al., 2005). Since 2010, all 
studies have used the excess absolute risk model 
recommended by BEIR VII and contemporary 
estimates of mean glandular dose to the breast 
from either screen-film or digital mammography 
(Hendrick, 2010; O’Connor et al., 2010; de Gelder 
et al., 2011b; HPA, 2011; Yaffe & Mainprize, 2011; 
Hauge et al., 2014). These recent studies are 
now considered to be the most relevant and are 
summarized below (Table 5.13). In addition, one 
study used a biological model (Bijwaard et al., 
2010, 2011).

(ii) Estimates for screening starting at about 
age 50 years

The Health Protection Agency estimated 
the number of cancer cases and cancer deaths 
after radiation exposure from a large number 

of sources, including screening mammography, 
in the United Kingdom population (HPA, 2011). 
The number of radiation-induced breast cancer 
cases after a single two-view screen every 3 years 
at age 47–73  years was estimated to be 28 per 
100  000 women screened, and the number of 
breast cancer deaths under the same condi-
tions was estimated to be 10 per 100 000 women 
screened. Assuming 500 prevented deaths from 
screenings, the authors estimated the net benefit 
(deaths prevented minus deaths induced) to be 
490 [ratio of prevented to induced deaths of 50].

O’Connor et al. (2010) estimated the number 
of breast cancer cases induced by screen-film 
mammography, digital mammography, and 
other imaging techniques in a United States 
setting. They estimated that 21 cancer cases would 
be induced by digital mammography and 27 by 
screen-film mammography for annual screening 
per 100 000 women screened at age 50–80 years, 
and that there would be 6 or 7 induced deaths. 
Using different mortality reduction hypotheses, 
they estimated ratios of prevented to induced 
deaths of 116 and 135 for screen-film and digital 
mammography, respectively.

In Norway, Hauge et al. (2014) estimated the 
number of radiation-induced breast cancer cases 
after a single two-view digital mammography 
screening every 2 years from age 50 years to age 
69  years to be 10 (range, 1.4–36) per 100  000 
women screened, and the number of induced 
deaths per 100  000 women screened to be 1 
(range, 0.1–3). Assuming a 40% mortality reduc-
tion among attendees, the authors estimated 
that 350 lives would be saved compared with 3 
or fewer deaths induced [ratio of prevented to 
induced deaths of at least 117].

In the Netherlands, calculations were 
performed for a biennial digital mammography 
screening between the ages of 50  years and 
74 years [12 screening sessions] (de Gelder et al., 
2011b). The authors estimated 7.7 radiation-in-
duced breast cancer cases (range, 5.9–29.6) 
and 1.6 radiation-induced breast cancer deaths 
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Table 5.13 Risk assessment studies of breast cancer induced by mammography screeninga

Reference 
Country

Mean glandular 
dose to the breast

Risk model Target 
population, 
screening 
modalities

Lifetime 
calculation

Radiation-induced 
cases

Radiation-
induced deaths

Benefit–risk: ratio of prevented 
to induced deaths

Hendrick 
(2010) 
USA

3.7 mGy for 2-view 
DM 
4.7 mGy for two-
view SFM

EAR model from 
BEIR VII 
Modifying effect 
of age

Annual 
screening for 
40–80 yr

NA NA 20 (DM) and 25 
(SFM) deaths

NA

O’Connor et 
al. (2010) 
USA

3.9 mGy for 2-view 
DM 
4.9 mGy for 2-view 
SFM: inclusion of 
extra views

EAR model from 
BEIR VII 
Modifying effect 
of age 
Latency, 5 yr 
DDREF, 1.5

Annual 
screening for 
40–80 yr and 
for 50–80 yr

Until 80 yr Screening 40–80 yr: 
56 (DM) and 71 
(SFM) cases 
Screening 50–80 yr: 
21 (DM) and 27 
(SFM) cases 
Screening 40–49 yr: 
35 (DM) and 44 
(SFM) cases

Screening 
40–80 yr: 15 
(DM) and 19 
(SFM) deaths 
Screening 
50–80 yr: 6 
(DM) and 7 
(SFM) deaths 
Screening 
40–49 yr: 9 
(DM) and 11 
(SFM) deaths

Assuming a mortality reduction 
of 15% from screening before 
age 60 yr and 32% after age 
60 yr, ratio of prevented to 
induced deaths:  
Screening 40–80 yr: 44 (SFM) 
and 56 (DM) 
Screening 50–80 yr: 116 (SFM) 
and 135 (DM) 
Screening 40–49 yr: 3 (SFM and 
DM)

de Gelder et 
al. (2011b) 
Netherlands

1.3 mGy per view 
(range, 1–5 mGy)

EAR model from 
BEIR VII 
Modifying effect 
of age 
No latency 
DDREF, 1.5

Screening for 
40–74 yr or 
50–74 yr 
Every 2 yr 
2 views at 
first round 
1 view at 
subsequent 
rounds

Until 
100 yr

Screening 40–74 yr: 
17.1 cases (range, 
13.1–65.6) 
Screening 50–74 yr: 
7.7 cases (range, 
5.9–29.6)

Screening 
40–74 yr: 3.7 
deaths (range, 
2.9–14.4) 
Screening 
50–74 yr: 1.6 
deaths (range, 
1.3–6.3)

Assuming 26% mortality 
reduction, ratio of prevented to 
induced deaths: 
Screening 40–74 yr: 349 
Screening 50–74 yr: 684 (range, 
178–889)

HPA (2011) 
United 
Kingdom

4.5 mGy for 2-view 
screening

EAR model 
from Preston et 
al. (2007) (see 
Section 1.3.4) 
Modifying effect 
of age 
Latency, 10 yr

Screening for 
40–73 yr 
Annually 
before 50 yr 
Every 3 yr 
after 50 yr

Until 
85+ yr

Screening 40–47 yr: 
61 cases 
Screening 47–73 yr: 
28 cases

Screening 
40–47 yr: 20 
deaths 
Screening 
47–73 yr: 10 
deaths

Net benefit (deaths prevented 
minus deaths induced): 
80 for age 40–47 yr; 
490 for age 47–73 yr 
[ratio of prevented to induced 
deaths, 50]
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Reference 
Country

Mean glandular 
dose to the breast

Risk model Target 
population, 
screening 
modalities

Lifetime 
calculation

Radiation-induced 
cases

Radiation-
induced deaths

Benefit–risk: ratio of prevented 
to induced deaths

Yaffe & 
Mainprize 
(2011) 
Canada

3.7 mGy for 2-view 
DM

EAR model from 
BEIR VII 
Modifying effect 
of age 
Latency, 10 yr

Annual 
screening for 
40–55 yr 
Every 2 yr for 
55–74 yr

Until 
109 yr

Screening 40–49 yr: 
59 cases 
Screening 40–74 yr: 
86 cases

Screening 
40–49 yr: 7.6 
deaths  
Screening 
40–74 yr: 11 
deaths

Assuming 24% mortality 
reduction, ratio of prevented to 
induced deaths: 
Screening 40–49 yr: 11.4 
Screening 40–74 yr: 46

Hauge et al. 
(2014) 
Norway

2.5 mGy for 2-view 
DM 
(range, 
0.7–5.7 mGy)

EAR model from 
BEIR VII 
Modifying effect 
of age 
Latency, 5 or 10 yr  
DDREF, 1 or 2

Screening for 
50–69 yr 
Every 2 yr

Until 85 or 
105 yr

10 cases (range, 
1.4–36)

1 death (range, 
0.1–3.1)

Assuming 40% mortality 
reduction among attendees, 350 
lives saved compared with 3 or 
fewer deaths induced 
[ratio of prevented to induced 
deaths, at least 117]

a  Calculated values are per 100 000 women screened.
BEIR VII, Biologic Effects of Ionizing Radiation, Report VII (National Research Council, 2006); DDREF, dose and dose rate effectiveness factor; DM, digital mammography; EAR, 
excess absolute risk; NA, not available; SFM, screen-film mammography.

Table 5.13   (continued)
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(range, 1.3–6.3) per 100  000 women screened, 
assuming a glandular dose of 1.3 mGy per view. 
Using a simulation model (MISCAN) to estimate 
deaths prevented due to screening, they esti-
mated a ratio of prevented to induced deaths of 
684. When a glandular dose of 5 mGy per view 
was assumed, the ratio decreased to 178 and the 
number of radiation-induced deaths increased to 
6.3. 

Bijwaard et al. (2010, 2011) performed a risk 
assessment using a mechanistic, biologically 
based model that assumes a two-stage muta-
tion for carcinogenesis. With this approach, the 
authors estimated that for five mammography 
screenings of 2  mGy starting at age 50  years 
[biennial screening until age 60 years], 1.3 breast 
cancer cases would be induced per 100  000 
women screened (Bijwaard et al., 2010), and 200 
cases for 15 screenings of 4 mGy.

(iii) Estimates for screening starting at age 
40 years

In the United Kingdom calculation (HPA, 
2011), the number of radiation-induced breast 
cancer cases after annual two-view screening at 
ages 40–47 years was estimated to be 61 per 100 000 
women screened. Using a hypothesis about 
survival, the authors estimated the number of 
radiation-induced breast cancer deaths after 
annual two-view screening at ages 40–47 years 
to be 20 per 100 000 women screened. Assuming 
100 prevented deaths from screening, they esti-
mated the net benefit (deaths prevented minus 
deaths induced) to be 80 [ratio of prevented to 
induced deaths of 5].

In the USA, Hendrick (2010) estimated 
the number of deaths induced by annual 
mammography per 100 000 women screened at 
age 40–80 years to be 20 for digital mammog-
raphy and 25 for screen-film mammography. 
In the study of O’Connor et al. (2010), the 
authors estimated the number of breast cancers 
induced by annual mammography per 100 000 
women screened at age 40–49 years to be 35 for 

digital mammography and 44 for screen-film 
mammography, and the number of radiation-in-
duced breast cancer deaths to be 9 for digital 
mammography and 11 for screen-film mammog-
raphy. According to a hypothesis about mortality 
reduction, they estimated a ratio of prevented to 
induced deaths of about 3 for both modalities.

In Canada, Yaffe & Mainprize (2011) esti-
mated that mammography screening annually 
from age 40  years to age 55  years and bienni-
ally until age 74  years would induce 86 breast 
cancers cases (59 for the screening period 
40–49 years) and 11 breast cancers deaths (7.6 for 
the screening period 40–49 years) per 100 000 
women screened. Assuming a 24% reduction in 
mortality, they estimated a ratio of prevented to 
induced deaths of 46 for age 40–74 years (11.4 
for age 40–49 years). The ratio of lives saved to 
lives lost is 78 for age 40–74  years (27 for age 
40–49 years).

In the Netherlands, calculations were 
performed for biennial mammography screening 
between age 40  years and age 74  years; the 
authors estimated the number of breast cancer 
cases per 100  000 women screened to be 17.1 
(range, 13.1–65.6) and the number of radia-
tion-induced breast cancer deaths to be 3.7 
(range, 2.9–14.4) (de Gelder et al., 2011a). Using a 
simulation model (MISCAN) to estimate deaths 
prevented due to screening, they estimated a 
ratio of prevented to induced deaths of 349. 
The study using a mechanistic model estimated 
1.5 cases per 100  000 women screened for five 
mammography screenings of 2 mGy starting at 
age 40 years (Bijwaard et al., 2010).

(iv) Women at an increased risk
Among women at an increased risk of breast 

cancer, screening procedures are recommended 
earlier in life and at a higher frequency than in 
the general population (see Section 5.6). Due to 
the increased risk of radiation-induced breast 
cancer when exposure occurs at a younger age and 
because of the higher radiosensitivity of women 
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with a familial predisposition (see Section 1.3.6), 
separate risk assessment must be performed for 
women at an increased risk.

An excess relative risk model was used to esti-
mate the lifetime risk of radiation-induced breast 
cancer mortality from five annual mammog-
raphy screenings in young women harbouring 
a BRCA mutation (Berrington de González et 
al., 2009). They estimated the lifetime risk of 
radiation-induced breast cancer mortality per 
10 000 women screened annually to be 26 (95% 
CI, 14–49) for screening at age 25–29 years, 20 
(95% CI, 11–39) for screening at age 30–34 years, 
and 13 (95% CI, 7–23) for screening at age 
35–39  years. [This calculation was based on 
model risk and coefficients estimated from the 
general population, and the higher sensitivity 
to radiation of these women was not taken into 
account.] A large European study among carriers 
of BRCA1/2 mutations suggested that exposure 
to diagnostic radiation before age 30  years for 
these women was associated with an increased 
risk of breast cancer at dose levels considerably 
lower than those at which increases had previ-
ously been found (Pijpe et al., 2012).

Benefit–risk estimates for women at an 
increased risk need to consider: the age-de-
pendent higher risk of radiation in younger 
women and in women with specific gene 
mutations; their age-dependent overall meas-
ured breast cancer risk; and the contribution of 
mammography to early detection, which itself 
may depend on patient age, the type of genetic 
mutation (BRCA1 vs BRCA2), and the availa-
bility of magnetic resonance imaging (MRI).

5.3.5 Psychological consequences of 
mammography screening

Participation in breast cancer screening can 
have psychological or psychosocial consequences 
for women. Section 3.1.4 summarizes the psycho-
logical impacts of an invitation to screening, of 
a negative result, of a diagnosis of breast cancer, 

and of interval cancer, as well as the impact of 
a false-positive result on further participation. 
This section presents the studies reviewed for the 
evaluation of the psychological consequences of 
a false-positive result and of DCIS. 

Several reviews have focused on the long-
term psychological implications of a false-pos-
itive result (Rimer & Bluman, 1997; Steggles et 
al., 1998; Brodersen et al., 2004; Brett et al., 2005; 
Brewer et al., 2007; Hafslund & Nortvedt, 2009; 
Salz et al., 2010; Bond et al., 2013a, b). The two 
reviews by Bond et al. (2013a, b) evaluate the 
same set of studies, so one has been excluded. 
The review by Rimer & Bluman (1997) has also 
been excluded, due to its lack of relevance. In this 
section, the outcomes of the informative reviews 
(Table 5.14) and results from more recent indi-
vidual studies are presented.

(a) Outcomes from reviews

Negative outcomes were reported from 
studies using validated measures during the 
period between receiving a recall letter and the 
recall appointment (Sutton et al., 1995; Chen et 
al., 1996; Lowe et al., 1999; Lampic et al., 2001; 
Sandin et al., 2002), at the recall appointment 
(Ellman et al., 1989; Cockburn et al., 1992; 
Swanson et al., 1996; Lowe et al., 1999; Ekeberg et 
al., 2001; Meystre-Agustoni et al., 2001), or imme-
diately after receiving a recall letter (Cockburn et 
al., 1994; Lidbrink et al., 1995; Olsson et al., 1999; 
Lindfors et al., 2001).

The main psychological consequences of a 
false-positive result were psychological distress, 
somatization, depression, fear, anxiety, worry, an 
increase in women’s perceived likelihood of devel-
oping breast cancer, a decrease in the perceived 
benefits of mammography, and an increase in the 
frequency of breast self-examination (BSE) (Salz 
et al., 2010). [These outcomes may be contextu-
alized as symptoms, but it is unclear how they 
would affect women in their everyday lives.]

Salz et al. (2010) performed a meta-analysis 
of the effect of false-positive mammograms on 
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generic and specific psychosocial outcomes. 
From 17 studies presented in 21 articles, they 
found that across six generic outcomes, the only 
consistent effect was generalized anxiety (Ellman 
et al., 1989; Gram et al., 1990; Bull & Campbell, 
1991; Lerman et al., 1991a, 1993; Cockburn et al., 
1994; Ong et al., 1997; Scaf-Klomp et al., 1997; 
Brett et al., 1998; Pisano et al., 1998; Olsson et 
al., 1999; Aro et al., 2000; Lipkus et al., 2000; 
Brett & Austoker, 2001; Lampic et al., 2001, 2003; 
Meystre-Agustoni et al., 2001; Sandin et al., 2002; 
Barton et al., 2004; Jatoi et al., 2006; Tyndel et al., 
2007).

(i) Short-term effects
All reviews concluded that there are 

short-term psychological consequences (up to 
3  months) from having a recall. In one review 
(Brodersen et al., 2004), all 22 studies that investi-
gated short-term consequences reported adverse 
short-term consequences. In a review based on 
54 articles, Brett et al. (2005) concluded that 
the negative psychological impact was signifi-
cantly higher for women who had a recall than 
for women who received a clear negative result 
after participation in mammography screening, 
although three studies reported no difference 
in the psychological impact of mammography 
screening between women who received a clear 
negative result and those who had a false-posi-
tive result (Bull & Campbell, 1991; Lightfoot et 
al., 1994; Aro et al., 2000). Other negative conse-
quences reported in women who had a false-pos-
itive result were more intrusive thoughts, worry 
about breast cancer, greater requirements for 
social support, being more busy than usual to 
keep their thoughts away from the clinical visit, 
or difficulties sleeping (Bull & Campbell, 1991; 
Lightfoot et al., 1994; Scaf-Klomp et al., 1997; 
Gilbert et al., 1998; Aro et al., 2000). Two studies 
reported that 30% (Austoker & Ong, 1994) and 
40% (Scaf-Klomp et al., 1997) of women felt very 
anxious when they received a recall letter. One 
study that looked at how having a false-positive 

result influences quality of life found a marked 
decrease in quality of life for recalled women 
(Lowe et al., 1999).

(ii) Long-term effects
Based on the available reviews, results about 

long-term consequences are more ambiguous 
and inconsistent (Brodersen et al., 2004; Brett et 
al., 2005; Brewer et al., 2007). Several studies did 
not find increases in long-term levels of anxiety 
among women who had a false-positive result 
(Gram et al., 1990; Cockburn et al., 1994; Lidbrink 
et al., 1995; Gilbert et al., 1998; Lowe et al., 1999; 
Ekeberg et al., 2001; Lampic et al., 2001; Sandin 
et al., 2002), and two studies were inconclusive 
(Scaf-Klomp et al., 1997; Aro et al., 2000). Other 
studies reported that the anxiety experienced 
was greater among women who had a false-pos-
itive result than among women who received a 
clear negative result, at 4–6 months after recall 
(Ellman et al., 1989; Brett et al., 1998; Olsson et 
al., 1999; Lampic et al., 2001), 6–12 months after 
recall (Lampic et al., 2001; Hislop et al., 2002), and 
24 months after recall (Lipkus et al., 2000). One 
review found no long-term symptoms of depres-
sion among women who received a false-positive 
result (Brewer et al., 2007).

(iii) Breast cancer-specific measures
One review investigated the effects on health-

care use and symptoms (Brewer et al., 2007). 
The findings suggested that having a false-pos-
itive result increases anxiety related to breast 
cancer-specific measures (Brewer et al., 2007). 
Three studies found that women who received 
a false-positive result reported conducting BSE 
statistically significantly more frequently (Bull 
& Campbell, 1991; Aro et al., 2000; Lampic 
et al., 2001). Women who had a false-positive 
result also reported higher levels of worry and 
increased concern about breast cancer (Lerman 
et al., 1991a, b; Scaf-Klomp et al., 1997; Brett et 
al., 1998; Aro et al., 2000; Lipkus et al., 2000; 
Sandin et al., 2002; Absetz et al., 2003). In their 
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meta-analysis, Salz et al. (2010) found statistically 
significant effects on all eight breast cancer-spe-
cific outcomes: distress about breast cancer, 
somatization or symptoms in the breast, fear of 
developing breast cancer, anxiety about breast 
cancer, worry about breast cancer, perceived 
likelihood of breast cancer, perceived benefits 
of mammography, and frequency of BSE. The 
largest effect was for anxiety about breast cancer 
(r = 0.22) and the smallest was for fear (r = 0.08); 
all eight pooled effect sizes were statistically 
significant.

(iv) Screening factors
Screening factors associated with greater 

adverse psychological effects were: previous 
false-positive results (Brett & Austoker, 2001; 
Haas et al., 2001; Lampic et al., 2001), pain at 
previous mammography screening (Ong & 
Austoker, 1997; Drossaert et al., 2002), dissatis-
faction with information and communication 
during screening (Austoker & Ong, 1994; Brett 
et al., 1998; Brett & Austoker, 2001; Dolan et al., 
2001), and waiting time between recall letter 
and assessment appointment (Gram et al., 1990; 
Thorne et al., 1999; Brett & Austoker, 2001; 
Lindfors et al., 2001).

Elements of the structure of the screening 
programme were also found to be important. 
The extent of further investigation seemed to 
determine the extent of negative psychological 
outcomes. Women who underwent a surgical 
biopsy before receiving a clear result experienced 
the greatest anxiety (Ellman et al., 1989; Lerman 
et al., 1991b; Ong & Austoker, 1997; Brett et al., 
1998; Lampic et al., 2001), as did those asked to 
come back for further tests after 6  months or 
1 year (Ong et al., 1997; Brett et al., 1998; Brett & 
Austoker, 2001). On-site evaluation was shown to 
reduce the stress of having a false-positive result 
(Lindfors et al., 2001). Biopsy-specific events 
appeared to be more distressing than follow-up 
mammography, and distress risk factors included 

younger age, less education, and no family history 
of breast cancer (Steffens et al., 2011).

Reported sociodemographic factors often 
associated with greater adverse psychological 
outcomes were younger age, less education, 
living in an urban area, having one child or no 
children, and manual occupation (Brett et al., 
2005). Other studies found no impact of age 
(Brett et al., 1998; Brett & Austoker, 2001; Lampic 
et al., 2001) or employment (Olsson et al., 1999). 
One study with 910 participants in California, 
USA, found that Asian ethnicity, annual income 
greater than US$ 10 000, and weekly attendance 
of religious services were significantly associated 
with decreased depressive symptoms (Alderete et 
al., 2006).

(b) Recent individual studies

More recent studies, not included in the 
reviews, have used the Hospital Anxiety and 
Depression Scale, the Psychological Conse-
quences Questionnaire, and the Consequences 
of Screening in Breast Cancer questionnaire to 
study psychological consequences of mammog-
raphy screening (Table  5.14). Consistent with 
findings from a study conducted in 1996–1997 
(Ekeberg et al., 2001), Schou Bredal et al. (2013) 
found that recall after mammography among 
women with a false-positive result was associ-
ated with transiently increased anxiety and a 
slight increase in depression. At 4  weeks after 
screening, the level of anxiety was the same and 
depression was lower compared with the general 
female Norwegian population (Schou Bredal et 
al., 2013).

In a study in Spain, participants were found 
to worry little until they underwent mammog-
raphy, but levels of worry increased when the 
women were notified by telephone call of the 
need for further testing (Espasa et al., 2012). 
A substantial proportion of women requiring 
further assessment reported that they were at 
least somewhat worried about having breast 
cancer throughout the screening process, but 
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levels of anxiety and depression, measured by the 
Hospital Anxiety and Depression Scale, showed 
no statistically significant differences among 
women who had invasive complementary tests, 
non-invasive tests, and negative screening results 
(Espasa et al., 2012).

In a longitudinal study in Denmark, psycho-
logical effects of false-positive results were 
assessed with the Consequences of Screening in 
Breast Cancer questionnaire. At 6 months after 
the final diagnosis, women with a false-positive 
finding reported changes in existential values 
and inner calmness as great as those reported 
by women with a diagnosis of breast cancer; 
3  years after the final diagnosis, women who 
had a false-positive result consistently reported 
greater negative psychosocial consequences in 
all 12 psychosocial outcomes compared with 
women who had a normal finding (Brodersen & 
Siersma, 2013). However, after 5 years, there was 
no statistically significant difference between 
the two groups in reported psychosocial aspects 
(Osterø et al., 2014).

When women who were first-time partici-
pants in mammography screening were compared 
with women with repeated screening experience, 
women in both groups reported experiencing 
high levels of anxiety before the diagnosis was 
known, and no differences were found in anxiety, 

depressive symptoms, or quality of life (Keyzer-
Dekker et al., 2012).

In a study in 98 women, women reported a 
significant increase in anxiety after being noti-
fied of the need to return for follow-up testing, 
and significant positive associations were found 
between anxiety and behavioural approach, 
behavioural avoidance, cognitive approach, and 
cognitive avoidance coping in cross-sectional 
analyses (Heckman et al., 2004). Moreover, 
cognitive avoidance coping was a strong 
predictor of final levels of state anxiety in these 
women (Heckman et al., 2004).

These findings are consistent with qualita-
tive studies in Scandinavia and North America. 
Norwegian women expressed mixed emotions 
over being recalled; information about recall rates 
and breast cancer risk was seen as alarming, and 
the short time between recall and examination 
was seen as reassuring but was also perceived as 
an indication of malignancy (Solbjør et al., 2011). 
Swedish women who were recalled described the 
recall process as “a roller coaster of emotions” 
(Bolejko et al., 2013). Qualitative studies from 
North America have described the psycholog-
ical effects of the waiting process experienced 
by women, their unmet informational and 
psychosocial needs (Doré et al., 2013), anxieties 
generated by waiting and wondering, and fears 
of iatrogenic effects of follow-up tests such as 

Table 5.14 Measures used in 70 studies of psychological consequences of a false-positive result 
of mammography screening

Questionnaire used Reference for method No. of studies in which scale was 
used

Psychological Consequences Questionnaire Cockburn et al. (1992) 13
Hospital Anxiety and Depression Scale Zigmond & Snaith (1983) 7
General Health Questionnaire Goldberg (1978) 4
State Trait Anxiety Inventory Spielberger et al. (1970) 5
Hopkins Symptom Checklist Rickels et al. (1976) 3
Other scales (Beck Depression Inventory, K6) Beck et al. (1961), Derogatis et al. 

(1983), Brewer et al. (2004)
40

Compiled by the Working Group, based on the reviews by Steggles et al. (1998), Brodersen et al. (2004), Brett et al. (2005), Brewer et al. (2007), 
Hafslund & Nortvedt (2009), Salz et al. (2010), and Bond et al. (2013b).
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biopsies and repeat mammograms (Padgett et 
al., 2001).

(c) Diagnosis of ductal carcinoma in situ

Psychological consequences of DCIS are 
included in this section because increasing 
participation in mammography screening means 
an increasing number of DCIS detections among 
women, but the effect of DCIS on psychological 
issues has been little explored. Women may 
not be aware of having DCIS, because surgeons 
might differ in how they inform women about 
this condition. Potentially, some women with 
DCIS are informed that they have breast cancer 
while others are informed that they do not have 
breast cancer. A study with semi-structured 
interviews of women previously diagnosed with 
and treated for DCIS identified six key themes: (i) 
invisibility of DCIS, (ii) uncertainty, (iii) percep-
tions of DCIS, (iv) acceptance of treatment, (v) 
social support, and (vi) moving on, which high-
light the substantial challenges faced by women 
diagnosed with DCIS (Kennedy et al., 2008).

No articles focused on non-invasive breast 
cancer or DCIS before 1997 (Webb & Koch, 1997). 
A review of quality-of-life issues among patients 
with DCIS (Ganz, 2010) found that women with 
DCIS experience psychological consequences to 
a lesser extent than women with breast cancer, 
but few studies have compared these women with 
healthy women. Of greater concern, women with 
DCIS demonstrate severe misconceptions about 
their risk of invasive breast cancer (Ganz, 2010).

One study of 10 women with DCIS found 
that they would have liked to have received more 
information about DCIS when they were invited 
to routine screening (Prinjha et al., 2006). In 
another study, 45 women took part in an initial 
interview after a diagnosis of DCIS, and 27 took 
part in a follow-up interview 9–13 months later 
(Kennedy et al., 2012). Women’s early perceptions 
of DCIS merged with and sometimes conflicted 
with their beliefs about breast cancer, and their 

perceptions and experiences of the condition 
shifted over time.

A study in Australia also found misunder-
standing and confusion among women diagnosed 
with DCIS and a desire for more information 
about their breast disease (De Morgan et al., 2011). 
Approximately half of the participants worried 
about their breast disease metastasizing, approx-
imately half expressed high decisional conflict, 
12% were anxious, and 2% were depressed. 
Logistic regression analysis demonstrated that 
worry about dying from the breast disease was 
significantly associated with not knowing that 
DCIS could not metastasize (De Morgan et al., 
2011). In five focus group interviews involving 
26 women diagnosed with DCIS, women were 
confused about whether or not they had cancer 
that could result in death, and this confusion was 
compounded by the use of the term “carcinoma” 
and by the recommendation of treatments such 
as mastectomy (De Morgan et al., 2002).

In a study of 487 women who were newly diag-
nosed with DCIS, financial status was inversely 
associated with anxiety and depression at the 
9-month follow-up, and women with medium 
or low socioeconomic status were vulnerable to 
escalating anxiety and depression after a DCIS 
diagnosis (de Moor et al., 2010). A study in the 
USA of approximately 800 Latina and Euro-
American women with DCIS found that younger 
age, not having a partner, and lower income were 
related to lower quality of life in various domains 
(Bloom et al., 2013).

5.4 Cost–effectiveness and balance 
of harms and benefits

Decisions about implementation of health-
care interventions are based primarily on bene-
fits and a favourable harm–benefit ratio, but – to 
use limited resources efficiently – are also often 
based on cost–effectiveness analyses. A cost–
effectiveness analysis compares different policies, 
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including the current one, with no interven-
tion (average cost–effectiveness) or compares a 
more-intensive programme with a less-intensive 
one (incremental cost–effectiveness). Often, the 
incremental cost–effectiveness ratio (ICER) is 
estimated for each policy, expressed as the ratio 
of the change in costs to the change in effects 
compared with a less-intensive alternative or the 
current policy. In a cost–effectiveness analysis, 
future costs and effects are taken into account 
and both are discounted at a chosen annual 
discount rate, to account for time preference. 
A new strategy is considered cost-effective if it 
results in an additional effect (compared with a 
baseline) at acceptable additional costs (or even 
savings). One should stress the fact that the change 
in effects is as important as, and in the practice 
of policy-making even more important than, the 
change in costs: how much will the population 
benefit from the resources invested? Effects are 
often defined as disease-specific deaths prevented 
and life years gained but are ideally adjusted for 
quality of life, resulting in quality-adjusted life 
years (QALYs) (Weinstein & Stason, 1977). For 
breast cancer screening, factors that could nega-
tively affect quality of life are, among others, the 
screening examination, false-positive referrals, 
earlier and often more intensive treatment, over-
diagnosis, and simply the earlier knowledge of 
cancer (Korfage et al., 2006). All such harms are 
included when adjusting the life years gained for 
negative quality-of-life effects. Positive side-ef-
fects, such as a reduced need for expensive palli-
ative treatments because fewer women are dying 
of breast cancer, can and should also be incorpo-
rated into such cost–effectiveness analyses.

To determine whether an intervention 
produces reasonable amounts of benefits and 
limited harms for the resources invested, the 
cost–effectiveness ratios are usually compared 
with cost–effectiveness thresholds. A frequently 
used cost–effectiveness threshold is £30 000 per 
QALY gained (NICE, 2014). In the USA, inter-
ventions below the threshold of US$ 50 000 per 

QALY are generally considered cost-effective, 
interventions between US$ 50 000 per QALY and 
US$ 100 000 per QALY are considered moder-
ately or borderline cost-effective, and those that 
exceed US$ 100 000 per QALY are generally not 
considered cost-effective (Grosse, 2008). It has 
recently been recommended that a threshold of 
US$ 200 000 per QALY should be used for the 
USA (Neumann et al., 2014). The relatively high 
threshold of US$ 200 000 per QALY relates to the 
fact that health-care costs in the USA are gener-
ally considerably higher than those in Europe. 
Looking more globally, the World Health 
Organization (WHO) has suggested a cost–
effectiveness threshold of 3  times the national 
gross domestic product per capita (WHO, 2014). 
Practically, for low-income regions the maximal 
values for being cost-effective are about US$ 5000 
(WHO, 2001). [A clear distinction has to be made 
for cost-efficacy estimates of trials, which often 
relate to the limited time frame of an RCT, in 
which not all benefits have accrued yet but where 
it is likely that cost and harms have already been 
prominent.]

Costs that should be considered in a cost–
effectiveness analysis of breast cancer screening 
are costs associated with the organization of the 
programme (e.g. cost of invitations, screening 
costs), costs related to the diagnostic workup 
of both true-positives and false-positives, and 
additional treatment costs (e.g. due to more 
and earlier treatments). A few years after imple-
mentation, screening will lead to cost savings 
in treatment due to a decrease in the number 
of cases of advanced disease needing treatment 
(de Koning et al., 1992). The cost savings depend 
mostly on the cost for advanced disease and the 
magnitude of the effectiveness of the screening 
programme. In a full cost–effectiveness analysis, 
direct medical costs, direct non-medical costs 
(travel and time), and indirect costs (e.g. due to 
sick leave) must be considered.

Ideally, all possible screening policies that 
are relevant are compared in a cost–effectiveness 
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analysis. However, it is not feasible to compare 
all scenarios of interest in an RCT or an obser-
vational study. In addition, trials deliver (at best) 
costs per case detected. This is not an appropriate 
measure for cost–effectiveness because it lacks 
information about the effectiveness of screening 
(in terms of life years gained or breast cancer 
deaths averted). Furthermore, the aim of a cost–
effectiveness analysis on breast cancer screening 
is to assess the effectiveness of a screening 
programme in an actual population rather than 
in a controlled setting. By the use of mathemat-
ical models, findings from RCTs and observa-
tional studies can be extrapolated to simulated 
populations (Berry et al., 2005). Models are espe-
cially suitable for a cost–effectiveness analysis 
because the key elements of screening, including 
the screening strategy (starting age, stopping 
age, and screening interval), the target popula-
tion (e.g. at average or increased risk), and the 
time point of the analysis, can be altered and/
or compared. Furthermore, long-term lifetime 
effects can be predicted, and life years gained 
or QALYs can be calculated (Groenewoud et al., 
2007) (see Section 5.1.2f for further details).

5.4.1 Mammography screening programmes 
in developed countries

Under the assumption that mammography 
screening programmes are effective in reducing 
breast cancer mortality in women at average risk 
of breast cancer, numerous cost–effectiveness 
analyses have shown that organized mammog-
raphy screening can be cost-effective (van 
Ineveld et al., 1993; Leivo et al., 1999; Stout et al., 
2006; Groenewoud et al., 2007; Carles et al., 2011; 
Pataky et al., 2014).

Most population-based screening pro-
grammes screen women at biennial intervals 
(Giordano et al., 2012). Annual screening strat-
egies may improve the detection of rapidly 
growing tumours. However, despite the greater 
effectiveness, screening strategies that consist 

of annual screening are often found to be 
less efficient and less cost-effective, due to a 
disproportionate increase in costs or due to 
diminishing returns; about 80% of the effect of 
annual screening is retained when screening 
is performed every 2  years (Mandelblatt et al., 
2009; Stout et al., 2014). Schousboe et al. (2011) 
demonstrated that, in the United States setting, 
even if annual mammography is restricted 
to certain risk groups, based on age or breast 
density, the costs exceed US$ 100 000 per QALY 
gained. In contrast, Carles et al. (2011) reported 
several cost-effective annual screening strategies 
in Spain. However, ICERs increased markedly 
when comparing annual screening with biennial 
screening, as reported in other studies.

Organized mammography screening has 
been shown to be more cost-effective than oppor-
tunistic mammography screening (Bulliard et 
al., 2009; de Gelder et al., 2009). In Switzerland, 
the costs per life year gained of opportun-
istic screening were twice those of organized 
screening (de Gelder et al., 2009). This difference 
was caused predominantly by the higher costs of 
mammography for opportunistic screening and 
the more frequent use of additional imaging in 
combination with opportunistic screening.

Cost–effectiveness ratios obtained from 
studies of screening programmes in different 
countries are not easily comparable, due to 
differences in assumptions about effects and 
costs, time horizon, discount rate, and calcula-
tion methods (Brown & Fintor, 1993; de Koning, 
2000). Furthermore, epidemiological factors 
(background risk of breast cancer), the perfor-
mance of the screening test, and the organiza-
tion of the national screening programme and 
the health-care system all influence cost–effec-
tiveness. The cost–effectiveness of a screening 
programme also depends on its characteristics, 
including attendance rate, screening interval, 
and age group targeted for screening.
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5.4.2 Screening in low- and middle-income 
countries

A detailed cost–effectiveness analysis on 
breast cancer screening in India has been 
reported, in which the natural history of breast 
cancer was calibrated against available data on 
breast cancer incidence, stage distribution, and 
mortality in India (Okonkwo et al., 2008). The 
model was used to estimate the costs of breast 
cancer screening in India, its effects on mortality, 
and its cost–effectiveness (i.e. costs of screening 
per life year gained or per life saved). Screening 
using CBE or mammography among different age 
groups and at various frequencies was analysed. 
Stage-dependent sensitivities of CBE in this study 
were based on data from the Canadian National 
Breast Screening Study (CNBSS) (Rijnsburger 
et al., 2004). Alternative (lower) estimates of 
stage-dependent sensitivities of CBE were based 
on data from 752 000 CBEs delivered to low-in-
come women in the USA in 1995–1998 through 
the National Breast and Cervical Cancer Early 
Detection Program of the United States Centers 
for Disease Control and Prevention (Bobo et al., 
2000).

Okonkwo et al. (2008) expressed costs in 
international dollars (Int.$), the currency used 
by WHO; an international dollar has the same 
purchasing power in a particular country as a 
United States dollar has in the USA. Under the 
assumption that such screening programmes are 
as effective as is seen in mammography trials, the 
estimated mortality reduction was the greatest 
for programmes targeting women between age 
40 years and age 60 years. Using a 3% discount 
rate, a single CBE at age 50  years had an esti-
mated cost–effectiveness ratio of Int.$ 793 per life 
year gained and resulted in a reduction in breast 
cancer mortality of 2%. The cost–effectiveness 
ratio increased to Int.$ 1135 per life year gained 
for every 5-yearly CBE (age 40–60 years) and to 
Int.$  1341 for biennial CBE (age 40–60  years); 
the corresponding reductions in breast cancer 

mortality were 8.2% and 16.3%, respectively. 
CBE performed annually from age 40  years to 
age 60 years was predicted to be nearly as effi-
cacious as biennial mammography screening for 
reducing breast cancer mortality, while incur-
ring only half the net costs.

The main factors affecting cost–effective-
ness were breast cancer incidence, stage distri-
bution, and cost savings on palliative care 
averted (Okonkwo et al., 2008). The estimated 
cost–effectiveness of CBE screening for breast 
cancer in India compares favourably with that 
of mammography in developed countries. [The 
study relied on an assumption about the efficacy 
of CBE in reducing breast cancer mortality in 
India, which has not been verified in randomized 
trials comparing CBE with no screening but was 
based on the CNBSS 2 trial, assuming that the 
effect of stage shift from mammography trials 
can be extrapolated.]

More recently, several studies have investi-
gated the expected cost–effectiveness of different 
strategies in Costa Rica and Mexico (Niëns et 
al., 2014), Ghana (Zelle et al., 2012), and Peru 
(Zelle et al., 2013). In Costa Rica, the current 
strategy of treating breast cancer at stages I to 
IV at a geographical coverage level of 80% seems 
to be the most cost-effective, with an ICER of 
US$ 4739 per disability-adjusted life year (DALY) 
averted. At a coverage level of 95%, biennial CBE 
screening could double life years gained and 
can still be considered very cost-effective (ICER, 
US$  5964 per DALY averted). For Mexico, the 
results indicate that at a coverage level of 95%, a 
mass media awareness-raising programme could 
be the most cost-effective (ICER, US$ 5021 per 
DALY averted). If more resources are available 
in Mexico, biennial mammography screening 
for women aged 50–70 years (ICER, US$ 12 718 
per DALY averted), adding trastuzumab (ICER, 
US$  13  994 per DALY averted), or screening 
women aged 40–70  years biennially plus tras-
tuzumab (ICER, US$ 17 115 per DALY averted) 
are less cost-effective options (Niëns et al., 2014). 
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Breast cancer in Ghana is characterized by 
low awareness, late-stage treatment, and poor 
survival. Biennial screening with CBE of women 
aged 40–69 years, in combination with treatment 
of all stages, seems the most cost-effective inter-
vention (ICER, US$  1299 per DALY averted). 
Mass media awareness-raising is the second-best 
option (ICER, US$ 1364 per DALY averted) (Zelle 
et al., 2013). The current breast cancer programme 
in Peru (US$ 8426 per DALY averted) could be 
improved by implementing 3-yearly or biennial 
screening strategies. These strategies seem the 
most cost-effective in Peru, particularly when 
mobile mammography is applied (from US$ 4125 
per DALY averted) or when CBE screening and 
mammography screening are combined (from 
US$ 4239 per DALY averted).

The impact of the various screening inter-
ventions on stage distribution was estimated on 
the basis of a model using proportional detection 
rates (Duffy & Gabe, 2005). The authors applied 
a stage shift from developing countries to the 
Dutch screening programme and corrected this 
shift for locally relevant attendance rates and the 
epidemiology and demography. The age-specific 
sensitivity of tests and the sojourn times (CBE 
sojourn times are two thirds those of mammog-
raphy) were based on the literature (Duffy & 
Gabe, 2005; NETB, 2014). The effectiveness of 
the awareness-raising interventions is based on 
a study in Malaysia (Devi et al., 2007), where a 
2-fold reduction in advanced breast cancer was 
observed when a mass media campaign was 
applied. However, evidence on the effectiveness 
of awareness-raising, CBE, and mammography 
screening is absent in many countries. Also, 
these programmes require substantial organiza-
tional, budgetary, and human resources, and the 
accessibility of diagnostic, referral, treatment, 
and palliative care facilities for breast cancer 
should simultaneously be improved.

5.4.3 Harm–benefit ratio and generalizability

As already pointed out, the expected effects –  
both benefits and harms – and the cost of an inter-
vention are context-specific. In public health, 
medicine, and any other field, inferences and 
extrapolations to other populations and individ-
uals are needed. The average estimates for relative 
benefits, observed in IBM, nested case–control 
cohort, and case–control studies, in which biases 
have been minimized as much as possible, need 
to be extrapolated, as well as the estimates for 
overdiagnosis, false-positives, and radiation risk. 
To incorporate all of these and to estimate values 
as specifically as possible for different popula-
tions with different age structures, life expectan-
cies, incidence, mortality, and treatment levels, 
statistical models are used.

The harm–benefit ratio has been calculated 
for different settings. The Independent United 
Kingdom Panel estimated that the United King-
dom screening programmes currently prevent 
1300 deaths from breast cancer per year, equiva-
lent to about 22 000 years of life being saved. Per 
10 000 women invited to screening, it is estimated 
that 43 deaths from breast cancer are prevented 
and 129 cases of breast cancer represent overdi-
agnosis (Marmot et al., 2013). The Euroscreen 
Working Group estimated that for every 10 000 
women screened biennially from age 50 or 
51 years until age 68 or 69 years, about 80 deaths 
from breast cancer are prevented, versus about 
40 cases overdiagnosed (Paci & EUROSCREEN 
Working Group, 2012). In the Netherlands, it has 
been estimated that each year 775 breast cancer 
deaths are prevented, versus 300 overdiagnosed 
cases (1  million invitations per year) (NETB, 
2014).

5.4.4 Lower age limit for screening

Women younger than 50  years may benefit 
less from mammography screening, due 
to a lower breast cancer incidence, a lower 
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sensitivity of mammography due to denser 
breast tissue, a lower PPV, higher false-positive 
rates, and possibly more aggressive tumour 
growth (Carney et al., 2003; Buist et al., 2004). 
Therefore, the cost–effectiveness ratio is less 
favourable for younger women than for older 
women. For instance, a recent analysis showed 
that for Canada the most cost-effective strategies 
were biennial screening from age 50 years to age 
69 years (ICER, US$ 28 921 per QALY), followed 
by biennial screening from age 40  years to age 
69 years (ICER, US$ 86 029 per QALY) (Pataky 
et al., 2014).

In addition, the efficacy or effectiveness of 
screening, in terms of breast cancer mortality 
reduction, in women screened from age 40 years 
(Alexander et al., 1999; Smith et al., 2004; Moss 
et al., 2006; Hellquist et al., 2011) is less precisely 
estimated, due to small numbers of breast cancer 
deaths, than that in women screened from age 
50 years, and may therefore be underestimated 
or overestimated in cost–effectiveness analyses. 
It could even be more cost-effective to screen 
women aged 50–69 years more frequently than 
to include women younger than 50  years (de 
Koning et al., 1991).

A study in which the Dutch MISCAN model 
was used to assess the cost–effectiveness of 
different policies for breast cancer screening in 
Catalonia, Spain (using Dutch data on costs) 
demonstrated that it is comparably cost-effec-
tive to extend screening from age 50  years 
to age 45  years and to extend screening from 
age 64  years to age 69  years (Beemsterboer et 
al., 1998b). The researchers emphasized that 
extending the upper age limit would result in 
a greater reduction in breast cancer mortality, 
whereas extending screening to younger women 
could lead to more life years gained. A more 
recently performed cost–effectiveness analysis, 
also focusing on screening in Catalonia, showed 
that biennial screening from age 45 years (to age 
69 years or 74 years), annual screening from age 
40 years (to age 69 years or 74 years), and annual 

screening from age 45  years (to age 69  years) 
(ranked in order of effectiveness) are all cost-ef-
fective strategies, with incremental costs per 
QALY gained of less than €30 000 (Carles et al., 
2011).

A study based on data from the USA demon-
strated that biennial mammography screening 
from age 40 years to age 49 years is cost-effec-
tive only for women with BI-RADS 3 or 4 breast 
density, women with both a previous breast biopsy 
and a family history of breast cancer, and women 
with BI-RADS 3 or 4 breast density and either a 
previous breast biopsy or a family history of breast 
cancer, assuming a cost–effectiveness threshold 
of US$  100  000 per QALY gained (Schousboe et 
al., 2011). In contrast, another study, using five 
independent models of digital mammography 
screening in the USA, found that extending bien-
nial screening from women aged 50–74 years to 
those aged 40–49 years would lead to incremental 
costs of US$ 55 100 per QALY gained, which was 
considered to be cost-effective (Stout et al., 2014). 
Annual mammography, which may improve 
detection of rapidly growing tumours that may 
be more common among younger women, was 
considered not cost-effective in both studies. As 
mentioned previously, age considerations may be 
different for developing countries.

5.4.5 Upper age limit for screening

Breast cancer incidence and breast cancer 
detection rates are higher in women aged 
70  years and older, which may increase the 
effect of screening. However, compared with 
younger women, older women are more subject 
to numerous illnesses and conditions that nega-
tively affect life expectancy, thereby limiting the 
beneficial effect of screening on life expectancy 
and potentially increasing costs of screening. 
Furthermore, attendance rates may be lower 
among older women, which would also nega-
tively affect the cost–effectiveness ratio.
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Women older than 74  years were not 
included in any breast cancer screening trial 
(see Section  4.2). Model simulations demon-
strated that screening women aged 50–75 years 
and screening women with high bone mineral 
density up to age 79 years are both cost-effective 
strategies (Boer et al., 1995; Kerlikowske et al., 
1999). Correspondingly, two systematic reviews 
showed that ceasing screening at age 75  years 
or 79 years instead of at age 65 years or 69 years 
is cost-effective, even for women who are not 
screened regularly before age 65 years (Barratt et 
al., 2002; Mandelblatt et al., 2003).

5.4.6 Digital mammography

In several countries, digital mammography 
has practically replaced film mammography 
(NHS, 2005; NETB, 2014). The sensitivity of 
digital mammography may be higher than that 
of film mammography for women younger 
than 50 years and for women with dense breasts 
(Pisano et al., 2008). However, the specificity 
of digital mammography may be slightly lower 
than that of film mammography (Skaane, 2009; 
Kerlikowske et al., 2011). Referral rates are 
likely to increase with digital mammography, 
depending on the baseline situation of referrals, 
but this is especially pertinent in the implemen-
tation phase. Because of the differences in test 
characteristics and in costs of mammography, 
cost–effectiveness ratios are likely to differ as 
well. A modelling study that used data from 
the DMIST trial found that, compared with 
film mammography, digital mammography 
is not cost-effective (US$  331  000 per QALY 
gained), except when limited to women aged 
40–49  years (Tosteson et al., 2008). However, 
digital mammography targeted to younger ages 
combined with film mammography from age 
50 years is usually not a feasible strategy because 
film mammography has practically been replaced 
by digital mammography. Another study showed 
that digital mammography increases the number 

of false-positive findings by 220 per 1000 women 
compared with film mammography, leading to 
additional costs of US$ 350 000 per 1000 women, 
whereas the gain in benefits relative to film 
mammography is small (Stout et al., 2014).

5.4.7 Impact of individual risk factors

In most countries, organized mammography 
screening applies to all women in a targeted age 
group (usually 50–69 years or 50–74 years) with 
a relatively low (average) risk of breast cancer. 
Because breast cancer risk is associated with 
risk factors including age, reproductive history, 
a previous breast biopsy, and a family history of 
breast cancer (see Section 1.3), costs and bene-
fits of screening may be affected by a woman’s 
individual risk of breast cancer. More personal-
ized mammography screening, by selecting the 
starting and stopping ages and the screening 
interval based on a woman’s breast cancer risk 
profile, is therefore being considered in several 
research projects.

A cost–effectiveness study based on data 
from women in the USA showed that biennial 
mammography from age 40 years is cost-effective 
for women with high breast density (BI-RADS 3 
or 4) and either a family history of breast cancer 
or a previous breast biopsy (<  US$  50  000 per 
QALY gained), and moderately cost-effective for 
women with high breast density only or both a 
previous breast biopsy and a family history of 
breast cancer (< US$ 100 000 per QALY gained) 
(Schousboe et al., 2011). Annual mammography 
was estimated to cost more than US$ 100 000 per 
QALY gained for any group at an increased risk, 
and was therefore not considered cost-effective.

Another study based on population data 
from the USA, using five independent models, 
showed that annual digital mammography 
screening for women aged 40–74  years with 
high breast density (BI-RADS 3 or 4) resulted in 
3-fold higher incremental costs per additional 
QALY gained relative to biennial screening for 
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all women aged 40–74 years (Stout et al., 2014). 
The incremental benefits of annually screening 
women aged 40–49 years with (extremely) dense 
breasts were small, predominantly accounting 
for the increase in ICERs.

Women with heterogeneously or extremely 
dense breasts and a negative screening mammo-
gram may be considered for supplemental 
screening. The most readily available supple-
mental screening modality is ultrasonography, 
but little is known about its effectiveness when 
performed after negative screening mammog-
raphy (see Section 5.5.1a). Sprague et al. (2015) 
used three independent simulation models to 
assess the lifetime benefits, harms, and cost–
effectiveness from the payer perspective of supple-
mental ultrasonography screening for women 
with dense breasts compared with screening 
with digital mammography alone. They found 
that supplemental ultrasonography screening for 
women with dense breasts undergoing routine 
digital mammography screening would substan-
tially increase costs while producing relatively 
small benefits in breast cancer deaths averted 
and QALYs gained. The cost–effectiveness ratio 
was US$  325  000 per QALY gained (range, 
US$ 112 000–766 000). Restricting supplemental 
ultrasonography screening to women with 
extremely dense breasts would cost US$ 246 000 
per QALY gained (range, US$ 74 000–535 000) 
relative to biennial mammography alone for 
women aged 50–74 years.

5.4.8 Quality of life

A Dutch analysis of cost–effectiveness and 
quality of life conducted in 1991 included esti-
mates on 15 phases induced and/or prevented 
by the screening programme (de Koning et al., 
1991). It appeared that 85% of the decrements 
in quality of life due to screening were due to 
the additional years in follow-up after diagnosis 
(of which about half were due to earlier detec-
tion and about half due to life years gained). 

False-positives comprised only a small compo-
nent, as did the initial years of overdiagnosed 
cases. However, about 66% of the decrements 
were counterbalanced by gains; 70% of these 
gains imply reductions in palliative treatments 
for women with advanced disease. It was esti-
mated that correcting the life years gained for 
quality of life would imply a 3% difference, that 
is, 3% fewer life years gained when adjusted for 
quality of life. The most unfavourable sensitivity 
analysis estimated a 19.7% decrease.

Vilaprinyo et al. (2014) estimated QALYs for 
the different breast cancer disease states. They 
used the health-related quality of life measures 
obtained from the EuroQol EQ-5D self-classi-
fier in the study of Lidgren et al. (2007), which 
provided health-related quality of life measures 
for the first year after primary breast cancer 
(EQ-5D  =  0.696), the second and following 
years after primary breast cancer or recurrence 
(EQ-5D  =  0.779), and the metastatic breast 
cancer state (EQ-5D = 0.685). For false-positive 
mammograms, the authors assumed an average 
annualized loss of quality of life of 0.013. To 
obtain the value of 0.013, they assumed that 
50% of women with a false-positive result would 
experience anxiety sufficient to increase the 
mood subscale of the EuroQol instrument from 
0 to 1, lasting a total of 2 months. According to 
the United States EQ-5D tariffs, such a change 
for an entire year represents a decrease in the 
QALY value of 0.156. In the sensitivity analysis, 
the authors assessed the impact of changing the 
disutility by false-positives to 0 and to 0.026.

5.5 Other imaging techniques

This section reports evidence on the efficacy 
or effectiveness of imaging modalities other than 
screen-film mammography or standard digital 
mammography, where applied for population 
screening of asymptomatic women of about 
average (population) risk. Studies that included 
women at above average risk were considered, but 
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not those in which study subjects were restricted 
to classifications of increased risk. Studies of 
cohorts of women defined by dense breast tissue 
on mammography (but not restricted to women 
at an increased risk) were also reviewed.

The following imaging technologies were 
reviewed: breast ultrasonography, digital breast 
tomosynthesis, MRI (other than screening of 
women at increased risk), electrical impedance 
technology for breast imaging, scintimammog-
raphy, and positron emission mammography. No 
RCTs examining the efficacy of these imaging 
technologies for population breast screening 
were available to the Working Group.

For two imaging technologies (ultra-
sonography in dense breasts and digital breast 
tomosynthesis in population screening), there 
was evidence from non-randomized studies 
of incremental (additional) cancer detec-
tion when applied as adjunct screening to 
mammography. The evidence for the preven-
tive effects, adverse effects, and cost–effective-
ness of these two technologies is presented in 
Sections  5.5.1, 5.5.2, and 5.5.3, respectively. 
Other imaging technologies, for which there 
was very little or no data on efficacy or effective-
ness, or for which population screening studies 
have not been conducted, are briefly outlined in 
Section 5.5.4.

5.5.1 Preventive effects

(a) Breast ultrasonography

Ultrasonography has had a role in diagnosis 
of breast disease for approximately 30  years 
and has been used for the workup of screen-de-
tected abnormalities and for image-guided 
needle biopsy (see Section  2.2.1 for technical 
details). Because dense breast tissue is a risk 
factor for breast cancer (McCormack & dos 
Santos Silva, 2006) and reduces the sensitivity 
of mammography, and hence is associated with 
a greater likelihood of an interval cancer in 
mammography screening (Ciatto et al., 2004a), 

evaluations of breast ultrasonography screening 
have often focused on populations defined by 
mammographic density (Buchberger et al., 
2000; Houssami et al., 2009; Corsetti et al., 2011; 
Houssami & Ciatto, 2011; Venturini et al., 2013).

No RCTs examining the efficacy of screening 
by ultrasonography or of adjunct ultrasonog-
raphy in women with dense breast tissue on 
mammography (i.e. mammography alone vs 
mammography plus ultrasonography) were 
identified by the Working Group. A recent 
Cochrane systematic review (Gartlehner et al., 
2013) evaluated the literature to assess the effec-
tiveness of ultrasonography screening as adjunct 
to mammography in women at average risk of 
breast cancer. None of the studies identified (no 
randomized, prospective, or controlled studies) 
reported sound evidence supporting ultrasonog-
raphy as adjunct to mammography in popula-
tion breast screening. An RCT on the efficacy 
of adjunct ultrasonography for breast cancer 
screening, called the Japan Strategic Anti-Cancer 
Randomized Trial, was noted (Ishida et al., 2014). 
This trial aimed to recruit 100 000 women aged 
40–49 years and has recently closed to recruit-
ment; its results have not yet been reported.

Several studies of breast ultrasonography 
screening, all non-randomized and without a 
comparison or control group, have examined 
the incremental cancer detection of breast ultra-
sonography in women with dense breast tissue and 
negative mammography. Table 5.15 presents the 
studies that have reported data for both true-pos-
itive detection and false-positives (or additional 
recall) attributed to ultrasonography screening. 
Studies that recruited women with dense breast 
tissue conditional to also being classified as at an 
increased risk were not considered (e.g. Berg et al., 
2008). However, studies that defined subjects on 
the basis of dense breast tissue but also included 
some women or subgroups with additional risk 
factors were included and reviewed.

The majority of the studies were retrospec-
tive, and all were designed to assess incremental 
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Table 5.15 Studies of adjunct ultrasonography in screening asymptomatic women with mammography-negative dense 
breast tissue

Reference 
Country

Study characteristics; no. 
screened with USa; age

Breast 
densityb

Preventive or screening effect Adverse effect

Additional 
detection: no. 
of US-only 
detected cancers 
(% of screens or 
subjects)

Characteristics of US-only 
detected cancers (vs cancers 
detected by M, where 
reported): by tumour stage 
or pathological tumour size; 
axillary node statusc

Interval 
cancers

No. of false-positives attributed 
to adjunct US (% of screens or 
subjects)

Surgical 
biopsy

Additional testing

Buchberger et 
al. (2000) 
Austria

Non-randomized, 
retrospective, no 
comparison group 
n = 8103 asymptomatic 
women who had negative 
M and CBE (included 
some with PHBC) 
35–78 yr (mean, 49 yr)

2–4 32 (0.39%) Mean invasive cancer size, 
9.1 mm (not significantly 
different from M-detected 
cancers) 
NR

NR 229 (2.8%)  
(includes 
CNB)

136 (1.7%): FNB or 
aspiration of complex 
lesions

Kaplan (2001) 
USA

Non-randomized, 
retrospective, no 
comparison group; most 
had negative M/CBE 
n = 1862 
35–87 yr

3, 4 6 (0.32%) All 6 cancers early stage: 1 in 
situ, 5 stage I 
all node-negativec

NR 51 (2.7%) 117 (6.3%): 45 needle 
biopsy, 72 imaging 
review/follow-up

Kolb et al. 
(2002) 
USA

Non-randomized, 
retrospective, no 
comparison group 
n = 12 193 screens (4897 
women) who had negative 
M and CBE (included 
some with PHBC or 
FHBC) 
mean, 54.7 yr

2–4 33 cancers in 31 
women (0.27%)

89% in situ or stage I cancers; 
mean size, 9.9 mm (stage 
and size not different from 
M-detected) 
89% node-negative

NR 287 (2.4%) 5.3% had biopsy or 
follow-up imaging

Corsetti et al. 
(2008, 2011) 
Italy

Non-randomized, 
retrospective, no 
comparison group 
n = 9157 screens in self-
referring women with 
negative M 
mean, 52 yr

3, 4 37 (0.40%) Early-stage (in situ or small 
invasive) cancers: 64.8% vs 
35.5%, P = 0.001 
positive nodes: 13.5% vs 
31.3%, P = 0.047

8 interval 
cancers 
from 7172 
negative 
screens 
at 1 yr: 
1.1/1000

83 (0.9%) 399 (4.4%) had FNB 
and/or CNB
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Reference 
Country

Study characteristics; no. 
screened with USa; age

Breast 
densityb

Preventive or screening effect Adverse effect

Additional 
detection: no. 
of US-only 
detected cancers 
(% of screens or 
subjects)

Characteristics of US-only 
detected cancers (vs cancers 
detected by M, where 
reported): by tumour stage 
or pathological tumour size; 
axillary node statusc

Interval 
cancers

No. of false-positives attributed 
to adjunct US (% of screens or 
subjects)

Surgical 
biopsy

Additional testing

Kelly et al. 
(2010) 
USA

Non-randomized, 
retrospective 
n = 6425 screens in 4419 
asymptomatic women 
(included some with 
PHBC or FHBC) 
≥ 35 yr

3, 4 with 
or without 
additional 
risk factor

23 (0.52%) 
M detection: 
3.6/1000 
US detection: 
7.2/1000

US detected more invasive 
cancers ≤ 10 mm (14 of 
21) than mammography 
(P < 0.01) 
NR

11 interval 
cancers at 
1 yr: 1.7/1000

NR False-positives NR 
recall 7.2% for US vs 
4.2% for M (P < 0.01); 
9.6% for combined 
M + US

Hooley et al. 
(2012) 
USA

Non-randomized, 
retrospective, no 
comparison group 
n = 935 women with 
recent negative M who 
also had US (included 
some at intermediate or 
high risk) 
29–89 yr (mean, 52 yr)

3, 4 [3 (0.32%)] 
reported as 
3.2; 95% CI, 
0.8–10/1000 
screens

All 3 cancers < 10 mm 
(includes 1 DCIS) 
all node-negative

NR NR 51 (5.5%) needle 
biopsy 
187 (20%) short-
interval follow-up

Weigert & 
Steenbergen, 
(2012) 
USA

Non-randomized, 
retrospective chart review 
from radiology services, 
no comparison group 
n = 8647 women with 
recent negative M who 
also had US screen 
age of cancer patients, 
42–78 yr

3, 4 (> 50% 
of breast 
dense)

28 (0.32%) 
including 2 ADH 
and 1 LCIS; re-
calculated as  
[25 (0.29%)]

Average size, 19 mm (for 17 
invasive cancers) 
1 node-positive

1 interval 
cancer at 
6 mo

NR 429 (4.96%) 
recommended to have 
biopsy

Venturini et al. 
(2013) 
Italy

Non-randomized, 
prospective screening 
study tailored to breast 
density and (intermediate) 
risk: women with negative 
M and dense breasts 
n = 835 women 
40–49 yr

3, 4 2 (0.24%) Both cancers < 15 mm 
1 node-positive

NR 10 (1.2%) 
(mostly 
needle 
biopsy)

False-positive invasive 
tests: 0.9% for US vs 
0.1% for M 
Short-interval follow-
up: 7.5% for US vs 
0.3% for M

Table 5.15   (continued)
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Reference 
Country

Study characteristics; no. 
screened with USa; age

Breast 
densityb

Preventive or screening effect Adverse effect

Additional 
detection: no. 
of US-only 
detected cancers 
(% of screens or 
subjects)

Characteristics of US-only 
detected cancers (vs cancers 
detected by M, where 
reported): by tumour stage 
or pathological tumour size; 
axillary node statusc

Interval 
cancers

No. of false-positives attributed 
to adjunct US (% of screens or 
subjects)

Surgical 
biopsy

Additional testing

Brem et al. 
(2014) 
USA

Non-randomized, 
prospective screening 
study tailored to breast 
density (included some 
intermediate risk groups) 
n = 15 318 women 
≥ 25 yr

3, 4 30 (0.19% of all 
screened women)

Similar mean cancer size for 
M-detected (13 mm) and US-
detected (12.9 mm) 
US-only detected cancers 
were more frequently 
invasive than M-detected 
cancers (P < 0.05)

NR 3.6% 
increase 
in biopsy 
rate

Recall rate (not 
restricted to false-
positive recalls): 15% 
for M vs 28.5% for 
M with adjunct US 
(P < 0.001)

a  The study of Kelly et al. (2010) used automated whole-breast ultrasonography, and the study of Brem et al. (2014) used 3D automated breast ultrasonography. All other studies used 
handheld ultrasonography.
b  Based on BI-RADS (Breast Imaging Reporting and Data System; D’Orsi et al., 2013) density categories: 1, almost entirely fatty (< 25% fibroglandular); 2, scattered fibroglandular 
densities (25–50% fibroglandular); 3, heterogeneously dense (51–75% fibroglandular); 4, extremely dense (> 75% fibroglandular).
c  Based on women who underwent axillary node surgery or dissection.
ADH, atypical ductal hyperplasia; CBE, clinical breast examination; CNB, core needle biopsy; DCIS, ductal carcinoma in situ; FHBC, family history of breast cancer; FNB, fine-needle 
biopsy; LCIS, lobular carcinoma in situ; M, mammography; mo, month or months; NR, not reported; PHBC, personal history of breast cancer; US, ultrasonography; yr, year or years.
Adapted from Preventive Medicine, Volume 53, issue 3, Houssami & Ciatto (2011). The evolving role of new imaging methods in breast screening, pages 123–126, Copyright (2011), with 
permission from Elsevier; and from Houssami et al. (2009). Breast cancer screening: emerging role of new imaging techniques as adjuncts to mammography. The Medical Journal of 
Australia, 2009; volume 190, issue 9, pages 493–498. © Copyright 2009 The Medical Journal of Australia – reproduced with permission.

Table 5.15   (continued)
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cancer detection (as an indicator of potential 
effectiveness) within screened subjects; none of 
these studies were designed to assess screening 
benefit in terms of mortality reduction or using 
a surrogate for effectiveness of screening, such as 
a reduction in interval cancer rates. Incremental 
detection of breast cancer by ultrasonography 
was in the range of 0.19% to 0.52% of all screens. 
The highest estimate (Kelly et al., 2010) included 
women at an increased risk, including some women 
with a history of breast cancer, and reported a 
modest cancer detection rate for mammography. 
Therefore, the incremental detection of breast 
cancer by ultrasonography was substantial but 
heterogeneous, representing approximately 14% 
to 48% of the detected cancers (Corsetti et al., 
2008; Venturini et al., 2013). [These data should 
be interpreted taking into account that several 
studies included, among women with dense 
breasts, subgroups of women at increased risk 
due to other risk factors (i.e. dense breasts plus 
other risk factors), and many studies included 
young women, and therefore the evidence may 
not be generalizable to population screening of 
women with dense breasts.] The two prospective 
studies reported the lowest incremental detec-
tion rates for ultrasonography, of 0.19% (Brem 
et al., 2014) and 0.24% (Venturini et al., 2013) of 
screens. Ultrasonography-only detected cancers 
were frequently early-stage cancers, generally at a 
comparable or earlier stage than cancers detected 
with mammography, although comparative data 
on cancer characteristics were not comprehen-
sively reported.

Giuliano & Giuliano (2013) examined detec-
tion measures for automated breast ultrasonog-
raphy screening in women with dense (density 
>  50%) breast tissue (test group) and used a 
different cohort of women with dense breasts 
from an earlier time frame as a control group 
for mammography screening. [This study is 
limited by the comparison of two cohorts with 
different underlying breast cancer prevalence 
(test group, 1.25%; control group, 0.60%).] For 

the test group (n = 3418; median age, 57 years) 
screened with mammography and ultrasonog-
raphy, the screening sensitivity was 97.7%, the 
specificity was 99.7%, the cancer detection rate 
was 12.3 per 1000 screens, and the mean tumour 
size of detected cancers was 14.3  mm. For the 
control group (n = 4076; median age, 54 years) 
screened with digital mammography alone, the 
screening sensitivity was 76.0%, the specificity 
was 98.2%, the cancer detection rate was 4.6 
per 1000 screens, and the mean tumour size of 
detected cancers was 21.3 mm. [This mean size 
is larger than expected for a screened popula-
tion. The inferred 2.6-fold increase in the cancer 
detection rate, which represents one additional 
detection in approximately 0.70% of screens, 
was attributed to ultrasonography. This is well 
above estimates from all the other reviewed 
studies and is probably due to the comparison of 
cohorts with different underlying breast cancer 
risk. In addition, the relatively high specificity in 
the test group, based on the combined screening 
approach, is unusual and is inconsistent with all 
the other studies. Because of these limitations, 
this study was considered uninformative.]

One prospective screening study of ultra-
sonography in a multimodality setting (CBE, 
mammography, and ultrasonography) included 
3028 Chinese women aged 25  years and older 
(Huang et al., 2012), not restricted to women 
with dense breasts. The sensitivity was higher 
for mammography (84.8%) than for ultra-
sonography (72.7%); however, ultrasonography 
detected 3 cancers not detected with mammog-
raphy (all were in women with dense breasts). 
Ultrasonography yielded an incremental cancer 
detection rate of [0.99 per 1000] screens of all 
screening participants. Mammography-detected 
cancers were more frequently smaller than 
20  mm and node-negative than those detected 
with ultrasonography or CBE.

Two non-randomized studies of adjunct 
ultrasonography for screening dense breasts 
reported data on interval cancers (Kelly et al., 
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2010; Weigert & Steenbergen, 2012). [Given 
that these studies did not have a comparison 
estimate and had a relatively short follow-up 
period (12  months), it is difficult to interpret 
the estimated interval cancer rates.] Corsetti et 
al. (2008, 2011) reported indirect comparisons 
based on follow-up for first-year interval cancers 
in a cohort of self-referring women attending a 
breast service in Italy. The estimated first-year 
interval cancer rate was 1.1 per 1000 screens 
(from 7172 negative screens with follow-up) in 
women who underwent adjunct ultrasonography 
and had dense breasts, compared with 1.0 per 
1000 screens (from 12 438 negative screens with 
follow-up) in women who received mammog-
raphy only and did not have dense breasts.

(b) Digital breast tomosynthesis/ 
three-dimensional mammography

Digital breast tomosynthesis is a derivative 
of digital mammography that produces quasi 
three-dimensional images, which reduces the 
effect of tissue superimposition and can there-
fore improve mammography interpretation (see 
Section  2.1.4 for details). A recent systematic 
review (Houssami & Skaane, 2013) examined 
the available evidence on the accuracy of digital 
breast tomosynthesis. The studies identified 
were relatively small (n = 14), comprised mostly 
test-set observer (reader) studies or clinical 
series that included symptomatic and screen-re-
called cases, and were generally enriched with 
breast cancer cases. Taking into consideration 
the limitations of the studies, the evidence can 
be summed up as follows (Houssami & Skaane, 
2013): (i) two-view digital breast tomosynthesis 
has accuracy that is equal to or better than that of 
standard two-view mammography; (ii) one-view 
digital breast tomosynthesis does not have better 
accuracy than two-view mammography; (iii) the 
addition of digital breast tomosynthesis to digital 
mammography increases interpretive accuracy; 
(iv) improved accuracy from using digital breast 
tomosynthesis (relative to, or added to, digital 

mammography) was the result of increased 
cancer detection or reduced false-positive recalls, 
or both; and (v) subjective interpretation of cancer 
conspicuity consistently found that cancers were 
equally or more conspicuous on digital breast 
tomosynthesis relative to digital mammography.

A review of the literature did not identify any 
RCTs examining the efficacy of digital breast 
tomosynthesis in population breast screening; 
however, digital breast tomosynthesis was the 
only other imaging technology investigated in 
population-based screening programmes in 
women at average (population) risk (Ciatto et al., 
2013; Haas et al., 2013; Rose et al., 2013; Skaane 
et al., 2013a, b, 2014; Friedewald et al., 2014; 
Houssami et al., 2014a; Table  5.16). All these 
studies investigated digital mammography with 
tomosynthesis (also referred to as integrated 
two-dimensional/three-dimensional [2D/3D] 
mammography), using various methodologies 
(different design and reading/recall protocols). 
None were designed with the aim of assessing 
screening benefit in terms of mortality reduction 
or using a surrogate for effectiveness of screening, 
such as a reduction in interval cancer rates. Also, 
none of the studies reported estimates of over-
diagnosis. Two studies were prospective popu-
lation-based trials embedded within organized 
screening programmes in Europe: the Screening 
with Tomosynthesis or Standard Mammography 
(STORM) trial in Italy (Ciatto et al., 2013) and 
the Oslo trial in Norway (Skaane et al., 2013a, b, 
2014). Both studies used double reading according 
to European standards, but they used different 
recall protocols. Both studies performed digital 
mammography with tomosynthesis in all partic-
ipants, and hence they reported paired data for 
screened women (within screening participant 
comparison).

The STORM trial (Ciatto et al., 2013; 
Houssami et al., 2014a) compared sequential 
screen-readings by the same readers for the same 
women: digital mammography alone and inte-
grated 2D/3D mammography. The study reported 
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402 Table 5.16 Studies evaluating tomosynthesis for population breast cancer screening: three-dimensional mammography as 
adjunct to digital mammography

Reference 
[Study] 
Country 
 

Study characteristics 
Design (no. of screens); screen-
reading methods 
 

Preventive or screening effect Adverse effect

Cancer 
detection 
rates/1000 
screens

Absolute 
effect of 3D 
M on cancer 
detection rate 
compared 
with 2D 
alone

Characteristics of cancers 
detected only with 
integrated 2D/3D M only

Interval cancers False-positive 
recalls

Absolute 
effect of 3D 
M on FPR 
compared 
with 2D 
alone

Ciatto et al. 
(2013) 
[STORM 
trial] 
Italy

Prospective trial (n = 7292) in 
population-based programme, 
comparing 2D and integrated 
2D/3D screening (paired data); 
sequential double reading, recall 
by either reader at either read

2D: 5.3 
2D/3D: 8.1 
P < 0.001

Increase of 
2.7/1000

Similar stage (pT, node 
status) distributions; 
similar mean invasive 
cancer size: 2D-detected, 
13.7 mm; 2D/3D, 13.5 mm

NR Recall for 
2D alone or 
2D/3D: 5.5% 
Recall 
conditional 
to 2D/3D-
positive: 3.5% 
(17% decrease 
in all FPR)

[Decrease of 
2.0%b]

Houssami et 
al. (2014a) 
[STORM 
follow-up 
study] 
Italy

Extended analysis of STORM 
trial (n = 7292), comparing 
various screening strategies, 
includes follow-up for year 1 
interval cancers

2D double 
reading: 5.3 
2D/3D single 
reading: 7.5 
P < 0.001 
[other 
comparisons 
also 
reported]

Increase of 
2.2/1000

See above 6 interval 
cancers at 
1 yr = 0.82/1000 
(95% CI, 
0.30–1.79)

Various 
comparisons 
reported

[Decrease of 
1.2%b]

Skaane et al. 
(2013a, b) 
[Oslo trial] 
Norway

Prospective trial (n = 12 631) in 
population-based programme, 
comparing 2D and 2D/3D 
screening (paired data); 
randomized readings to 4 study 
arms with various screen-
reading strategies; data shown 
are for analyses of single 
reading or double reading of 
tomosynthesis

2D: 6.1 
2D/3D: 8.0 
27% increase 
P = 0.001 
Double 
reading:  
2D: 7.1 
2D/3D: 9.4 
P < 0.001

Increase of 
1.9/1000

Cancers detected with 
2D/3D only were mostly 
invasive and more 
frequently grade 2 or 3 (2 
DCIS cases were detected 
with 2D/3D only)

3 interval 
cancers at 
9-month  
follow-up

2D: 6.1% 
2D/3D: 5.3% 
(15% decrease, 
P < 0.001) 
Double 
reading:  
2D: 10.3% 
2D/3D: 8.5% 
P < 0.001

Decrease of 
0.8%b 
P < 0.001
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Reference 
[Study] 
Country 
 

Study characteristics 
Design (no. of screens); screen-
reading methods 
 

Preventive or screening effect Adverse effect

Cancer 
detection 
rates/1000 
screens

Absolute 
effect of 3D 
M on cancer 
detection rate 
compared 
with 2D 
alone

Characteristics of cancers 
detected only with 
integrated 2D/3D M only

Interval cancers False-positive 
recalls

Absolute 
effect of 3D 
M on FPR 
compared 
with 2D 
alone

Skaane et al. 
(2014) 
[Oslo trial] 
Norway

See above 
Analysis of 2Dsyn/3D

2D/3D: 7.8 
2Dsyn/3D: 7.7 
Not 
significantly 
different

Increase of 
2.3/1000

      Decrease 
of 1.8% in 
false-positive 
scores; 
increased 
overall recall 
rate by 0.8%

Rose et al. 
(2013) 
USA
 

Retrospective: before vs after 
(13 856 vs 9499) introduction of 
3D as adjunct to 2D screening; 
single reading from readers 
from several radiology services
 

2D: 4.0 
2D/3D: 5.4 
P = 0.18

Increase of 
1.4/1000

Cancers detected with 
2D/3D only comprised 
invasive cancer; DCIS 
rates, mean invasive 
tumour size, and node 
status similar for 2D and 
2D/3D; more grade 2 
cancers detected by 2D/3D 

NR
 

2D: 8.7% 
2D/3D: 5.5% 
(36% 
reduction; 
P < 0.001)
 

Decrease of 
3.2%
 

For invasive 
cancer: 
2D: 2.8 
2D/3D: 4.3 
P = 0.07

Increase of 
1.5/1000

Haas et al. 
(2013) 
USA

Retrospective: services using 2D 
vs services using 2D/3D (7058 
vs 6100) in same year; single 
reading from readers from 
breast or radiology services

2D: 5.2 
2D/3D: 5.7 
P = 0.70

Increase of 
0.5/1000

NR NR 2D: 12.0% 
2D/3D: 8.4% 
P < 0.01 
(30% 
reduction)

Decrease of 
3.6%

Table 5.16   (continued)
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Reference 
[Study] 
Country 
 

Study characteristics 
Design (no. of screens); screen-
reading methods 
 

Preventive or screening effect Adverse effect

Cancer 
detection 
rates/1000 
screens

Absolute 
effect of 3D 
M on cancer 
detection rate 
compared 
with 2D 
alone

Characteristics of cancers 
detected only with 
integrated 2D/3D M only

Interval cancers False-positive 
recalls

Absolute 
effect of 3D 
M on FPR 
compared 
with 2D 
alone

Friedewald 
et al. (2014) 
USA
 

Retrospective: before vs 
after (281 187 vs 173 663) 
introduction of 3D as adjunct to 
2D M screening; single reading 
from readers from 13 radiology 
services
 

2D: 4.2 
2D/3D: 5.4 
P < 0.001

Increase of 
1.2/1000

Cancers detected with 
2D/3D only comprised 
invasive cancer; DCIS 
rates similar for 2D and 
2D/3D; stage data NR
 

NR
 

Data for all 
recalls: 
2D: 10.7% 
2D/3D: 9.1% 
P < 0.001 
For all biopsies 
(includes 
cancer): 
2D: 1.8% 
2D/3D: 1.9% 
P = 0.004 

Decrease of 
1.6%
 

For invasive 
cancer:  
2D: 2.9 
2D/3D: 4.1 
P < 0.001

Increase of 
1.2/1000

a  2D refers to digital mammography acquisition of 2-view mammographic images, whereas 2Dsyn refers to 2D mammographic images synthesized (reconstructed) from the digital 
breast tomosynthesis acquisition.
b  Decrease in FPR is estimated for recall conditional to 3D-positivity (Ciatto et al., 2013; Houssami et al., 2014a), whereas false-positive scores from the Oslo study were based on pre-
arbitration data (Skaane et al., 2013a, b).
2D, two-dimensional; 3D, three-dimensional; DCIS, ductal carcinoma in situ; FPR, false-positive recall; M, mammography; NR, not reported; STORM, Screening with Tomosynthesis 
or Standard Mammography; 2Dsyn/3D, tomosynthesis with synthetically reconstructed 2D images.

Table 5.16   (continued)
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a significant incremental cancer detection rate 
of 2.7 per 1000 screens for integrated 2D/3D 
mammography versus digital mammography 
(P < 0.001). The Oslo trial (Skaane et al., 2013a, 
b) randomized readers to four screen-reading 
strategies that used digital mammography or 
integrated 2D/3D mammography, allowing 
assessment of reconstructed 2D mammography 
in one of the study arms (Skaane et al., 2014). 
The study showed a significant incremental 
cancer detection rate of 1.9 per 1000 screens for 
integrated 2D/3D mammography versus digital 
mammography in a reader-adjusted analysis 
(P = 0.001) (Skaane et al., 2013a) and of 2.3 per 
1000 screens for double reading of integrated 
2D/3D mammography versus digital mammog-
raphy (P < 0.001) (Skaane et al., 2013b). A further 
analysis (Skaane et al., 2014) found that inte-
grated 2D/3D mammography yielded a similar 
incremental cancer detection rate compared 
with digital mammography whether by dual 
acquisition of digital mammography with tomo-
synthesis (acquired 2D and 3D images) or by 
tomosynthesis acquisition with synthetic 2D 
mammography (3D acquisition only, and 2D 
images reconstructed from the 3D data).

A third prospective screening trial, also 
conducted within a population-based programme, 
was in progress in Malmö, Sweden, at the time 
of the Handbook Working Group Meeting, 
in November 2014. This trial differs from the 
other screening studies of this technology in 
that it compares screen-reading using digital 
mammography alone (two views) with screen-
reading using tomosynthesis alone (one 3D 
mammography view); hence, it is the only popu-
lation-based breast screening study reporting 
detection estimates for tomosynthesis alone. 
[Note added after the Meeting: The results of the 
trial have been published (Lång et al., 2015). The 
incremental cancer detection rate was 2.6 per 
1000 screens using tomosynthesis alone versus 
digital mammography (P < 0.0001).]

Three retrospective studies have also exam-
ined digital mammography with tomosynthesis 
for population screening (Haas et al., 2013; Rose et 
al., 2013; Friedewald et al., 2014); all three studies 
were conducted in the USA and hence used single 
reading as practised in the USA. Two studies 
(Rose et al., 2013; Friedewald et al., 2014) used 
a before–after methodology, comparing detec-
tion measures before and after the introduction 
of integrated 2D/3D mammography, whereas 
one study (Haas et al., 2013) compared services 
using digital mammography with services using 
integrated 2D/3D mammography within the 
same time frame. The largest retrospective study 
(Friedewald et al., 2014) was a comparison of 
281 187 versus 173 663 screens before and after 
the introduction of tomosynthesis as adjunct to 
digital mammography screening in 13 radiology 
services, and reported a significant incremental 
cancer detection rate of 1.2 per 1000 screens. 
Overall, the three studies showed a modest incre-
mental detection rate with the use of adjunct 
tomosynthesis (range, 0.5–1.4 per 1000 screens) 
relative to the prospective trials; however, the 
direction of the estimated increased cancer 
detection is consistent across all studies.

Four out of five studies provided limited data 
on the characteristics of the cancers detected 
with integrated 2D/3D mammography compared 
with digital mammography. [Studies were gener-
ally not powered for such analyses.] Two studies 
indicated that the increased cancer detection 
achieved by digital mammography with tomo-
synthesis was mostly of invasive disease (Rose 
et al., 2013; Friedewald et al., 2014), whereas two 
studies showed incremental detection of both 
invasive and in situ disease (Ciatto et al., 2013; 
Skaane et al., 2013b).

Data on interval cancer rates for this tech-
nology are limited to the follow-up report from 
the STORM trial; the estimated interval cancer 
rate based on only 12 months of follow-up is 0.82 
per 1000 (95% CI, 0.30–1.79) (Houssami et al., 
2014a).
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Several studies reported on the use of inte-
grated 2D/3D mammography screening in 
reducing false-positive recalls (Table  5.16). The 
reduction in false-positive recalls is most marked 
in the retrospective studies reported from the 
USA (absolute decreases in false-positive results 
range from 1.6% to 3.6%), where the baseline 
false-positive recall rates for digital mammog-
raphy alone are relatively high (range, 8.7–12.0%). 
The estimated reduction in false-positive recalls 
in the prospective studies, which were conducted 
in European population screening programmes 
and had relatively low recall rates, was modest 
(0.8% and 2%), and the latter was an estimate 
conditional to 3D mammography positivity. 
Furthermore, one of the studies (Skaane et al., 
2013b) showed that for double reading, digital 
mammography with tomosynthesis reduced 
false-positive recalls compared with mammog-
raphy alone, but increased overall recall (see 
Table  5.16). [It is likely that the potential for 
digital mammography with tomosynthesis to 
reduce false-positive recalls will depend on both 
the false-positive recall rates at digital mammog-
raphy and the recall rules, which vary according 
to the screening programme.]

5.5.2 Adverse effects

(a) Breast ultrasonography

The adverse effects of breast ultrasonography 
screening have been examined in non-random-
ized retrospective and prospective studies in 
women with dense breast tissue (Buchberger et 
al., 2000; Kaplan, 2001; Kolb et al., 2002; Corsetti 
et al., 2008, 2011; Kelly et al., 2010; Hooley et al., 
2012; Weigert & Steenbergen, 2012; Venturini 
et al., 2013; Brem et al., 2014). The main adverse 
effect is additional false-positive intervention. 
Ultrasonography caused additional testing 
(needle biopsy or imaging follow-up) in 1.2–6.3%, 
and also surgical biopsy (although some studies 
included non-surgical biopsy in this percentage) 
in 0.9–2.7% due to false-positives (Table  5.15). 

The study of Kelly et al. (2010), which included 
some women at an increased risk, reported an 
overall recall rate [not distinctly false-positive 
recall] of 7.2% for ultrasonography (vs 4.2% for 
mammography; P  <  0.01), and the combined 
strategy had an overall recall rate of 9.6% in that 
study. Venturini et al. (2013) reported a false-pos-
itive biopsy rate for ultrasonography of 0.9% (vs 
0.1% for mammography) in a cohort of young 
women (aged 40–49  years) with dense breast 
tissue and intermediate lifetime risk. Brem et al. 
(2014) reported an overall recall rate of 28.5% for 
adjunct ultrasonography with mammography 
(vs 15% for mammography alone; P < 0.001).

Given that there is substantial increased 
detection of breast cancer using adjunct ultra-
sonography in women with mammogra-
phy-negative dense breasts, it seems possible 
that overdiagnosis could occur in this context. 
However, overdiagnosis has not been reported in 
any of the studies reviewed (Buchberger et al., 
2000; Kaplan, 2001; Kolb et al., 2002; Corsetti et 
al., 2008, 2011; Kelly et al., 2010; Hooley et al., 
2012; Weigert & Steenbergen, 2012; Venturini et 
al., 2013; Brem et al., 2014). [It would be difficult 
to attempt to estimate overdiagnosis based on the 
available data, due to (but not limited to) the lack 
of a control or comparison cohort and the heter-
ogeneity of the screened populations, including 
variable underlying risk profiles.]

(b) Digital breast tomosynthesis/ 
three-dimensional mammography

All studies reviewed reported a reduction 
in false-positive recalls using integrated 2D/3D 
mammography (Table 5.16). Therefore, this does 
not seem to be an adverse effect of this technology. 
[The same may not apply for 3D screening alone.]

Given that there is increased detection of 
breast cancer using digital mammography with 
tomosynthesis, it seems possible that overdiag-
nosis could occur in this context. Several studies 
(Rose et al., 2013; Skaane et al., 2013a; Friedewald 
et al., 2014) have suggested that digital breast 
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tomosynthesis mostly increases detection of 
invasive cancers. However, none of the studies 
have reported on overdiagnosis. [The currently 
available data do not allow inferences relating to 
overdiagnosis from the increased cancer detec-
tion attributed to tomosynthesis.]

The main potential adverse effect of digital 
mammography with tomosynthesis relates to the 
radiation dose to the breast if dual acquisition 
is used. Digital breast tomosynthesis is reported 
to deliver on average similar doses to digital 
mammography (Feng & Sechopoulos, 2012; 
Houssami & Skaane, 2013). Thus, using dual 
acquisition by digital mammography with tomo-
synthesis approximately doubles the radiation 
dose. In the two population screening studies, 
the mean glandular dose per view was 1.58 mGy 
for digital mammography and 1.95  mGy for 
digital breast tomosynthesis in the Oslo study 
(Skaane et al., 2013a) and 1.22  mGy for digital 
mammography and 2.99 mGy (1.22 + 1.77 mGy) 
for integrated 2D/3D mammography in the 
STORM study (Bernardi et al., 2014). Recent 
tomosynthesis technology allows reconstruction 
of the 2D images from the data obtained from 
the tomosynthesis acquisition (also referred to 
as synthetic 2D mammography), eliminating the 
need for dual acquisition. Reconstruction of the 
2D images from the tomosynthesis acquisition 
decreases the radiation dose by 45% compared 
with the dual acquisition (Skaane et al., 2014) 
and performs similarly to digital mammography 
with tomosynthesis from dual acquisition (see 
Section 5.5.1 and Table 5.16).

5.5.3 Cost–effectiveness analysis

(a) Breast ultrasonography

There were no studies of breast ultrasonog-
raphy for population breast screening that 
reported on cost per life year gained or QALY 
saved. Cost analyses were reported by four of 
the studies that investigated ultrasonography in 
women with dense breasts. Studies conducted 

in the USA (Hooley et al., 2012; Weigert & 
Steenbergen, 2012) reported relatively higher 
costs than those conducted in Europe (Corsetti 
et al., 2008; Venturini et al., 2013). Hooley et al. 
(2012) estimated the cost of adjunct ultrasonog-
raphy, factoring in the costs of ultrasonography 
and related biopsy and short-interval imaging 
follow-up (using the Medicare reimbursement 
rate), to be $US  60  267 per detected breast 
cancer. Weigert & Steenbergen (2012), using the 
average reimbursement rate for ultrasonography 
and related biopsy, estimated the cost of adjunct 
ultrasonography screening to be $US 110 241 per 
detected breast cancer.

In the European setting, Corsetti et al. (2008) 
estimated the cost of adjunct ultrasonography, 
factoring in the costs of ultrasonography and 
related testing and any form of biopsy, to be in 
the range of €14 618–15 234 per detected breast 
cancer. Venturini et al. (2013) reported the cost 
of screening young women with dense breasts; 
mammography was estimated to cost €6377 per 
detected breast cancer, whereas adjunct ultra-
sonography in the same programme was esti-
mated to cost €19 158 per detected breast cancer.

(b) Digital breast tomosynthesis/ 
three-dimensional mammography

There were no studies available of the 
cost–effectiveness, or any cost analyses, of 
digital mammography with tomosynthesis 
in population breast screening. Digital breast 
tomosynthesis is more expensive than digital 
mammography and requires more imaging 
storage and display infrastructure, all of which 
increase the costs and the resources needed for 
screening implementation. Digital mammog-
raphy with tomosynthesis also increases screen-
reading time, resulting in an approximate 
doubling (Houssami & Skaane, 2013); based on 
the Oslo trial (Skaane et al., 2013a), the mean 
interpretation time was 91 seconds for integrated 
2D/3D mammography versus 45  seconds for 
digital mammography (P < 0.001).
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5.5.4 Other techniques

(a) Magnetic resonance imaging

Breast MRI has been shown to have supe-
rior screening sensitivity to mammography in 
women at an increased risk of developing breast 
cancer (see Section 5.6). Searches of the literature 
did not identify any studies of MRI for screening 
of women considered at average (population) 
risk. One recent study (Kuhl et al., 2014) of an 
abbreviated (fast) MRI protocol screened 443 
women “referred to MRI screening on clinical 
grounds”; 82% of the women were considered 
to be at mildly or moderately increased risk, 
because of either dense breast tissue or a mild 
or moderate family history of breast cancer. The 
146 women with a personal history of breast 
cancer were having imaging of the contralateral 
breast. In this selected subject group, reportedly 
“pre-screened” with digital mammography and 
ultrasonography [data not reported for either], 
MRI yielded an incremental cancer detection 
rate of 18 per 1000 screens. False-positive rates 
varied by the applied MRI protocol and were in 
the range of 5.6–29%. [The findings from this 
“proof-of-concept” reader study are early and do 
not represent population screening.]

(b) Electrical impedance imaging

The literature search did not identify any 
RCTs or population-based studies of electrical 
impedance scanning for breast screening. Studies 
of electrical impedance technologies for imaging 
of the breast have used various devices and 
instrumentation, operated at various frequen-
cies and interpreted using variable methods (e.g. 
visual, computer algorithms, or other methods) 
(Malich et al., 2001; Martín et al., 2002; Wersebe 
et al., 2002; Diebold et al., 2005; Fuchsjaeger et 
al., 2005; Zheng et al., 2008, 2011; Wang et al., 
2010; Lederman et al., 2011).

All these studies were relatively small clinical 
series or diagnostic studies of women who had 
suspicious or equivocal (mammography or other 

image-detected) findings and included both 
symptomatic and asymptomatic women; these 
studies were based on women who were under-
going biopsy (surgical or core needle biopsy), 
and hence the studies were highly enriched with 
breast cancer cases (prevalence in the range of 
5–60%).

One relatively large study assessed elec-
trical impedance imaging for “risk-stratifica-
tion” and screening of asymptomatic young 
women (aged 30–45  years) (Stojadinovic et al., 
2005, 2008). [One limitation of this study is that 
the study participants included women with 
mammographic findings or clinical abnormali-
ties who were scheduled to undergo biopsy.] The 
study reported an extremely low sensitivity for 
screening of 26.4%, and specificity of 94.7%.

(c) Scintimammography (molecular breast 
imaging)

The literature search did not identify any 
studies evaluating the efficacy or effectiveness of 
this technology for breast screening of women at 
average (population) risk.

Scintimammography has been used and 
evaluated in various clinical applications for 
breast imaging, predominantly in small and/
or highly selected clinical series and diagnostic 
studies highly enriched with breast cancer cases 
(19–100%), including, but not limited to: diag-
nostic workup of suspicious or indeterminate 
mammography-detected (or other image-de-
tected) findings; breast assessment in women 
scheduled for biopsy on the basis of clinical 
or mammographic abnormalities; staging of 
a known cancerous breast lesion; monitoring 
response to treatment; and detecting breast 
cancer recurrence (Bekiş et al., 2004; Rhodes et 
al., 2005; Adedapo & Choudhury, 2007; Duarte 
et al., 2007; Gommans et al., 2007; O’Connor 
et al., 2007; Spanu et al., 2007, 2008, 2009; 
Hruska et al., 2008; Kim et al., 2009; Sharma et 
al., 2009; Xu et al., 2011; Lee et al., 2012; Spanu 
et al., 2012; Weigert et al., 2012; BlueCross 
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BlueShield Association, 2013). A meta-analysis 
(Xu et al., 2011) of 45 extremely heterogeneous 
diagnostic accuracy studies of scintimammog-
raphy reported meta-estimates of 83% for sensi-
tivity and 85% for specificity; in the subgroup of 
subjects without a palpable mass, meta-estimates 
were 59% for sensitivity and 89% for specificity.

Three studies reported screening of defined 
asymptomatic populations, which included 
women at an increased risk. Brem et al. (2005) 
screened with scintimammography 94 women 
at an increased risk who had normal mammo-
grams and CBE. They detected 2 additional inva-
sive (9 mm) cancers (+2%); however, this was at 
the trade-off of 14 additional false-positives 
(+15%). Rhodes et al. (2011) screened 936 women 
(aged 25–89 years) with dense breasts and at an 
increased risk (personal history of breast cancer 
or lobular carcinoma in situ [LCIS] or atyp-
ical proliferations, or BRCA mutations) using 
dedicated dual-head gamma imaging (with the 
radiotracer 99mTc-sestamibi). The detection yield 
was 3.2 per 1000 screens for mammography and 
9.6 per 1000 screens for scintimammography 
(incremental cancer detection rate, 7.5 per 1000 
screens). Most of the cancers detected on scinti-
mammography only were node-negative invasive 
cancers (median size, 11 mm). [The sensitivity of 
mammography was extremely low (27%).] False-
positive recall rates (9% for mammography, 8% 
for scintimammography) and specificity (91% for 
mammography, 93% for scintimammography) 
were similar for the two tests. Finally, Hruska et 
al. (2012) reported a study of molecular breast 
imaging with 99mTc-sestamibi in 306 asymp-
tomatic women (aged 37–88  years), including 
some women at an increased risk, such as those 
with a personal history of breast cancer, who 
were undergoing myocardial perfusion imaging. 
Scintimammography had an incremental cancer 
detection yield of 13 per 1000 screens (4 cancers) 
relative to mammography in the previous 
12 months, and caused additional false-positives 
in approximately [6%] of subjects.

The radiation dose to the whole body from 
this technology (see Section  2.2.4 for details) 
is reported to be 15–30  times the radiation 
dose from digital mammography (BlueCross 
BlueShield Association, 2013).

(d) Positron emission mammography

Literature searches did not identify any popu-
lation breast screening studies of positron emis-
sion mammography. This technology has been 
evaluated in very specific and limited clinical 
applications of breast imaging, predominantly 
for staging of a lesion; for preoperative assess-
ment of disease extent (generally in comparison 
with MRI); for “screening” of the contralateral 
breast in preoperative staging; for response 
monitoring, in very small series of women with 
a biopsy of suspicious findings; or in phantom 
studies (Raylman et al., 2000; Levine et al., 2003; 
Tafra et al., 2005; Berg et al., 2011, 2012a; Schilling 
et al., 2011; Schilling, 2012; Shkumat et al., 2011; 
Eo et al., 2012; Kalles et al., 2013). Positron emis-
sion mammography involves much higher doses 
of radiation (whole-body radiation) and a much 
longer acquisition time (for two views of both 
breasts) than mammography (see Section 2.2.3).

5.5.5 Psychosocial harm

Few studies have measured psychosocial harm 
from imaging techniques other than mammog-
raphy. One study found that MRI screening was 
more distressing than X-ray mammography 
both shortly after and 6 weeks after the screening 
procedure (Hutton et al., 2011), whereas another 
study found no difference between MRI and 
mammography screening in psychological 
outcomes (Brédart et al., 2012). As with other 
screening processes, psychological harm may 
depend on the conduct of the technology, such 
as the number of false-positive and false-negative 
screens and the waiting time from examination 
to result (see also Sections 3.1.4 and 5.3.5).
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5.6 Screening of women at an 
increased risk

In some women, the risk of developing 
breast cancer during their lifetime is increased 
compared with that of women in the general 
population, and usually with an earlier expected 
age of onset. This increased risk may be attributed 
to the presence of a genetic or familial predispo-
sition to breast cancer, to a personal history of 
invasive breast cancer or DCIS, or to the presence 
of lobular neoplasia or atypical proliferations. It 
should be noted that a familial predisposition, 
if not assessed by a specialized genetic centre, 
should not be used as an indication for screening 
outside the scope of the population breast cancer 
screening programme.

In general, it is preferable that women at an 
increased risk be screened outside the scope of a 
population breast cancer screening programme, 
for two reasons. First, regular population 
screening programmes with mammography 
might be insufficient, due to the earlier age of 
onset of breast cancer in these women and due to 
the reduced sensitivity of mammography in these 
women. In addition, women with a BRCA1/2 
mutation are more susceptible to radiation risk. 
Second, these women often require additional 
care, assessment, counselling, and information 
relevant to primary prevention and risk-reduc-
tion strategies (as might be provided, for example, 
through specialized genetics teams/units) that 
are generally well outside of the health-care brief 
of mammography screening programmes.

Evidence on the outcomes of screening for 
breast cancer in the several subgroups of women 
at an increased risk is summarized and discussed 
here.

5.6.1 High familial risk, with or without a 
BRCA1 or BRCA2 mutation

This section reports evidence on the effec-
tiveness of screening with MRI alone, adjunct 
MRI, adjunct ultrasonography, or adjunct CBE 
as compared with mammography alone in 
women with a high familial risk, with or without 
a BRCA1 or BRCA2 mutation. Table 5.17 presents 
individual prospective studies, and Table  5.18 
summarizes pooled and meta-analyses, and 
systematic reviews. The included studies are 
those that were performed prospectively, in which 
MRI and mammography were performed in the 
same screening round, and in which the review 
of the diagnostic test was performed blinded for 
the outcome of the other test. Studies that were 
performed retrospectively or unblinded, or in 
which MRI, ultrasonography, or mammography 
were not performed in parallel were excluded.

In addition, three reports reviewing the 
evidence of the effectiveness of adjunct MRI in 
the screening of women at an increased risk of 
breast cancer were identified (Table 5.18). One is 
a systematic review of the literature (Lord et al., 
2007), one is a systematic review and meta-anal-
ysis at the level of published studies (Warner et 
al., 2008), and one is a pooled analysis of indi-
vidual patient data (Phi et al., 2014).

(a) Adjunct magnetic resonance imaging

(i) Sensitivity and specificity in women with a 
BRCA1/2 mutation

Several studies focused on the added value 
of MRI compared with mammography and/or 
ultrasonography in the screening of women with 
a BRCA1 or BRCA2 mutation (Table  5.17 and 
Table 5.18). In the meta-analysis (Warner et al., 
2008) and the pooled analysis (Phi et al., 2014), 
the estimates of the sensitivity of mammography 
were comparable, at about 40%, and increased 
with mammography combined with MRI simi-
larly in both studies, to 94% (95% CI, 90–97%) 
in Warner et al. (2008) and 93.4% (95% CI, 
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Table 5.17 Prospective studies in women with a BRCA1/2 mutation or a familial breast cancer risk screened with magnetic 
resonance imaging, mammography, ultrasonography, or clinical breast examination

Referencea 
Country, study

Study 
period

Study design Test results and related 
follow-upb

Risk 
category

No. of 
women in 
study

No. of 
breast 
cancers

MRI 
Sens, 
Spec 
(%)

M 
Sens, 
Spec 
(%)

US 
Sens, 
Spec 
(%)

CBE 
Sens, 
Spec 
(%)

Kuhl et al. (2005) 
Germany

1996–
2002

Single centre 
Double reading 
Annual MRI and M 
Biannual US

BI-RADS 4, 5: biopsy 
BI-RADS 3: short-term 
follow-up

Total 529 43 90.7 
97.2

32.6 
96.8

39.5 
90.5

—

BRCA1/2 43 8 100 
97.5

25 
96.9

25 
91.2

—

FH 241 20 100 
97.7

25 
97.4

30 
91.2

—

Leach et al. (2005) 
United Kingdom, 
MARIBS study

1997–
2004

Multicentre 
Double reading 
Annual MRI and M

BI-RADS 0, 3, 4, 5: biopsy Total 649 35 77 
81

40 
93

— —

BRCA1 82 13 92 
79

23 
92

— —

BRCA2 43 12 58 
82

50 
94

— —

FH 524 10 NR NR — —
Lehman et al. 
(2005) 
USAc

1999–
2002

Multicentre 
Single reading 
1 screening round with 
MRI, M, and CBE

BI-RADS 4, 5: biopsy Total 390 4 100 25 — NR

Cortesi et al. 
(2006) 
Italy, Modena 
studyd

1994–
2000

Single centre 
Single reading 
Annual MRI and M 
Biannual US and CBE

NR BRCA1/2 48 4 100 
NR

78 
NR

50 
NR

8.3 
NR

Hagen et al. (2007) 
Norway

2002–
2006

Multicentre 
Single reading 
Annual MRI and MG. 
In dense breasts, M was 
extended with US

BI-RADS 4, 5: biopsy 
BI-RADS 3: short-term 
follow-up

Total 491 21 86 
NR

48 
NR

— —

BRCA1 445 19 84 
NR

53 
NR

— —

BRCA2 46 2 100 
NR

0 
NR

— —

Lehman et al. 
(2007) 
USAc

2002–
2003

Multicentre 
Single reading 
1 screening round with 
MRI, M, and US

BI-RADS 4, 5: biopsy Total 190 6 100 
NR

66.7 
NR

16.7 
NR

—

BRCA1/2 80 3 100 
NR

0 
NR

0 
NR

—

FH 110 3 100 
NR

66.7 
NR

33.4 
NR

—
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Referencea 
Country, study

Study 
period

Study design Test results and related 
follow-upb

Risk 
category

No. of 
women in 
study

No. of 
breast 
cancers

MRI 
Sens, 
Spec 
(%)

M 
Sens, 
Spec 
(%)

US 
Sens, 
Spec 
(%)

CBE 
Sens, 
Spec 
(%)

Riedl et al. (2007) 
Austria

1999–
2006

Single centre 
Single reading 
Annual MRI, M, and 
US

BI-RADS 4, 5: biopsy 
BI-RADS 3: 6 mo follow-
up

Total 327 28 85.7 
92.3

50 
98.1

42.9 
98

—

BRCA1 80 6 NR NR NR —
BRCA2 13 2 NR NR NR —
FH 234 20 NR NR NR —

Saunders et al. 
(2009) 
Australia

2002–
2005

Single centre 
Single reading 
Annual MRI, M, and 
US 
Biannual CBE

BI-RADS 3, 4, 5: biopsy 
BI-RADS 0: short-term 
follow-up

Total 72 0 — — — —

Weinstein et al. 
(2009) 
USA

2002–
2007

Single centre 
Single reading 
1 screening round with 
MRI, M (screen-film or 
digital), and US

BI-RADS 3, 4, 5: biopsy 
BI-RADS 0: short-term 
follow-up

Total 609 18 71 
79

39 
91e

17 
88

—

BRCA1 27 2 50 
NR

50 
NR

0 
NR

—

BRCA2 17 2 0 
NR

100 
NR

0 
NR

—

FH 565 14 78.6 
NR

35.7 
NR

21 
NR

—

Kuhl et al. (2010) 
Germany

2002–
2005

Multicentre 
Single reading 
Annual MRI, M, US, 
and CBE

BI-RADS 4, 5: biopsy 
BI-RADS 3: short-term 
follow-up

Total 687 27 92.6 
98.4

33.3 
99.1

37 
98

3 
99.4

BRCA1/2 53 5 NR NR NR NR
FH 436 22 NR NR NR NR

Rijnsburger et al. 
(2010) 
Netherlands, 
MRISC study

1999–
2006

Multicentre 
Single reading 
Annual MRI and M 
Biannual CBE

BI-RADS 4, 5: biopsy 
BI-RADS 0, 3: biopsy or 
additional imaging 
After abnormal CBE: 
additional imaging

Total 2157 97 70.7 
89.7

41.3 
94.6

— 20.6 
97.9

BRCA1 422 35 66.7 
91

25 
94.6

— 13 
96.9

BRCA2 172 18 69.2 
91

61.5 
93.8

— 7.7 
98.3

FH 1563 44 73 
89.2

46 
94.6

— 32.2 
98.1

Table 5.17   (continued)
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Referencea 
Country, study

Study 
period

Study design Test results and related 
follow-upb

Risk 
category

No. of 
women in 
study

No. of 
breast 
cancers

MRI 
Sens, 
Spec 
(%)

M 
Sens, 
Spec 
(%)

US 
Sens, 
Spec 
(%)

CBE 
Sens, 
Spec 
(%)

Trop et al. (2010) 
Montreal, Canada

2003–
2007

Single centre 
Single reading 
Annual MRI and M 
Biannual US and CBE

BI-RADS 4, 5: biopsy 
BI-RADS 3: 6 mo follow-
up

Total 184 12 83 
93.6

58 
95.4

42 
93.8

17 
95.9

BRCA1 75 6 83.3 
NR

50 
NR

50 
NR

33.3 
NR

BRCA2 68 5 80 
NR

60 
NR

20 
NR

0 
NR

FH 41 1 100 
NR

100 
NR

100 
NR

0 
NR

Sardanelli et al. 
(2011) 
Italy, HIBCRIT 1 
study

2000–
2007

Multicentre 
Single reading 
Annual MRI, M, US, 
and CBE

BI-RADS 4, 5: biopsy 
BI-RADS 3: 4 mo follow-
up

Total 501 52 91.3 
96.7

50 
99

52 
98.4

17.6 
99.3

BRCA1 184 21 NR NR NR NR
BRCA2 146 10 NR NR NR NR
FH 171 21 NR NR NR NR

Passaperuma et al. 
(2012) 
Toronto, Canada

1997–
2009

Single centre 
Single reading 
Annual MRI, M, US 
and CBE 
US was stopped in 2005 
due to lack of Sens and 
Spec

BI-RADS 0, 4, 5: biopsy 
BI-RADS 3: 6, 12, 24 mo 
follow-up 
If MRI was positive where 
no other tests were, MRI 
was repeated within 1 mo

Total 496 57 86 
90

19 
97

— NR

BRCA1 267 31 90 
NR

19 
NR

— NR

BRCA2 229 26 80 
NR

20 
NR

— NR

a  Data reported from the most recent publication.
b  Based on BI-RADS (Breast Imaging Reporting and Data System; D’Orsi et al., 2013) density categories: 1, almost entirely fatty (< 25% fibroglandular); 2, scattered fibroglandular 
densities (25–50% fibroglandular); 3, heterogeneously dense (51–75% fibroglandular); 4, extremely dense (> 75% fibroglandular).
c  Due to the design of the Lehman et al. (2005) and Lehman et al. (2007) studies, only sensitivity could be reported.
d  Only data for the BRCA1/2 mutation carriers are reported, as no MRI was performed in the other risk groups.
e  Only the results for digital mammography are reported, as they are close to those for screen-film mammography.
BI-RADS, American College of Radiology Breast Imaging Reporting and Data System; CBE, clinical breast examination; FH, family history suspicious for an increased risk of breast 
cancer; HIBCRIT, High Breast Cancer Risk Italian Trial; M, mammography; MARIBS, Magnetic Resonance Imaging for Breast Screening; mo, month or months; MRI, magnetic 
resonance imaging; MRISC, MRI Screening; NR, not reported in the most recent publication; Sens, sensitivity; Spec, specificity; US, ultrasonography.

Table 5.17   (continued)
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414 Table 5.18 Systematic reviews, pooled analysis, and meta-analyses of women at an increased risk of breast cancer screened 
with adjunct magnetic resonance imaging compared with mammography alone, with or without ultrasonography

Study Included studies Study design Main outcome parameters Results on main outcome 
parameters

Lord et al. 
(2007)

Warner et al. (2004), Kuhl et al. (2005), Leach 
et al. (2005), Lehman et al. (2005), Sardanelli 
et al. (2007)

Systematic review 
Results expressed as ranges

Sens M 25–59%
Sens US and M 49–67%
Sens MRI and M (with or 
without US)

93–100%

Recall rate with MRI 
compared with that without 
MRI

Adjunct MRI may increase 
patient recall rates 3–5-fold 
due to increased false-positive 
findings

Warner et al. 
(2008)

Warner et al. (2001, 2004), Hartman et al. 
(2004), Kriege et al. (2004), Kuhl et al. (2005), 
Leach et al. (2005), Lehman et al. (2005, 2007), 
Trecate et al. (2006), Hagen et al. (2007), 
Sardanelli et al. (2007)

Systematic review with 
meta-analysis at study level 
Results expressed as 
percentages and 95% CI

Sens M 39% (37–41%)
Sens M and MRI 94% (90–97%)
Spec M 94.7% (93.0–96.5%)
Spec M and MRI 77.2% (74.7–79.7%)

Phi et al. (2014) Leach et al. (2005), Riedl et al. (2007), 
Rijnsburger et al. (2010), Trop et al. (2010), 
Sardanelli et al. (2011), Passaperuma et al. 
(2012)

Pooled analysis at individual 
patient level 
Results expressed as 
percentages and 95% CI

Sens M 39.6% (30.1–49.9%)
Sens MRI 85.3% (69.1–93.8%)
Sens M and MRI 93.4% (80.2–98.0%)
Spec M 93.6% (88.8–96.5%)
Spec MRI 84.7% (79.0–89.1%)
Spec M and MRI 80.3% (72.5–86.2%)
In women aged > 50 yr:
Sens M 38.1% (22.4–56.7%)
Sens MRI 84.4% (61.8–94.8%)
Sens M and MRI 94.1% (77.7–98.7%)
Spec M 95.9% (92.1–97.9%)
Spec MRI 88.5% (83.5–92.2%)
Spec M and MRI 85.3% (78.5–90.2%)

CI, confidence interval; M, mammography; MRI, magnetic resonance imaging; Sens, sensitivity; Spec, specificity; US, ultrasonography.
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80.2–98.0%) in Phi et al. (2014). The specificity 
of adjunct MRI was also similar in the two anal-
yses, to 77.2% (95% CI, 74.7–79.7%) in Warner et 
al. (2008) and 80.3% (95% CI, 72.5–86.2%) in Phi 
et al. (2014). Thus, adding MRI to mammography 
in the screening of women with a BRCA1/2 muta-
tion leads to a statistically significant increase 
in sensitivity of the screening strategy, accom-
panied by a decrease in specificity that was also 
statistically significant (see Table 5.18).

In the pooled analysis using individual data 
in women with BRCA1/2 mutations, for the 
screening of women aged 50  years and older, 
the highest sensitivity was reported for adjunct 
MRI (94.1%; 95% CI, 77.7–98.7%) compared 
with mammography alone (38.1%; 95% CI, 
22.4–56.7%) and compared with MRI alone 
(84.4%; 95% CI, 61.8–94.8%) (Phi et al., 2014); the 
specificity was lowest for adjunct MRI.

(ii) Sensitivity and specificity in women 
without a BRCA1/2 mutation

Only two informative studies assessed the 
sensitivity and specificity of mammography and 
MRI separately for women with a familial risk 
without a known BRCA1 or BRCA2 mutation 
(Kuhl et al., 2005; Rijnsburger et al., 2010). Two 
other studies were considered uninformative due 
to the small number of breast cancers in that cate-
gory (Lehman et al., 2007; Trop et al., 2010; see 
Table 5.17). For mammography, the reported esti-
mates for the sensitivity were 25–46% and for the 
specificity were 95–97%. For MRI, the reported 
estimates for the sensitivity were 73–100% and 
for the specificity were 89–98%. [All estimates 
reported by the earlier study (Kuhl et al., 2005) 
are outside the confidence intervals of the two 
published meta-analyses (Warner et al., 2008; Phi 
et al., 2014). Given the lower expected incidence 
of breast cancer among women without a BRCA1 
or BRCA2 mutation, the PPV of screening with 
MRI will be much lower than that among women 
with a BRCA1 or BRCA2 mutation.]

(iii) Mortality reduction
There are no randomized trials assessing the 

efficacy of adjunct MRI in terms of mortality 
reduction in women at an increased risk with 
or without a BRCA gene mutation (Nelson et al., 
2013). Several prospective observational studies 
with long-term follow-up reported on stage 
distribution and mortality reduction by annual 
MRI plus mammography screening compared 
with women without intensified screening.

Three studies analysed the stage distribution 
of cancers detected in follow-up rounds of inten-
sified screening programmes (Schmutzler et al., 
2006; Rijnsburger et al., 2010; Passaperuma et 
al., 2012). In two of the studies (Schmutzler et 
al., 2006; Rijnsburger et al., 2010), an increase 
of N0 stages was reported (N0 stages of 67% vs 
52% and 83% vs 56%, respectively). In the third 
study (Passaperuma et al., 2012), a significant 
reduction of late stages from 6.6% to 1.9% with 
intensified screening was observed.

Prospective studies assessing the effectiveness 
of adjunct MRI in terms of mortality reduction 
are summarized in Table 5.19. In a four-country 
study (England, the Netherlands, Norway, and 
Scotland), the 5-year survival was assessed for 
249 women (205 non-BRCA1/2 mutation carriers 
with a family history of breast cancer, 36 BRCA1 
mutation carriers, and 8 BRCA2 mutation 
carriers) prospectively diagnosed with breast 
cancer during screening (Møller et al., 2002). All 
women were under breast cancer surveillance at 
a dedicated clinic, including annual mammog-
raphy and CBE, and were diagnosed with breast 
cancer in this setting. The 5-year survival was 63% 
for women with a BRCA1 mutation compared 
with 91% in the women with a family history 
of breast cancer and without a known BRCA1/2 
mutation.

In 2001, as part of a national initiative, 
women in Norway with a BRCA1 mutation were 
offered annual breast screening with MRI in 
addition to mammography. The observed 5-year 
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416 Table 5.19 Prospective studies of 5-year and 10-year survival of women with a BRCA1/2 mutation screened with 
mammography and/or magnetic resonance imaging

Reference 
Study period 
and location

Study population Study design Main outcome 
parameters

Percentage survival

Møller et al. 
(2002)

249 women (205 non-BRCA1/2 mutation 
carriers with FHBC, 36 BRCA1 mutation 
carriers, and 8 BRCA2 mutation carriers) 
in 4 countries or regions (England, the 
Netherlands, Norway, and Scotland)

Women screened with M combined with CBE 
and diagnosed prospectively; comparison 
of 5-yr survival between BRCA1/2 mutation 
carriers and non-carriers with FHBC

5-yr survival:
BRCA1 mutation 
carriers

63%

Non-carriers with 
FHBC

91%

P = 0.04
Møller et al. 
(2013)

802 women with a BRCA1 mutation Women screened with M + MRI for a mean of 
4.2 yr and diagnosed prospectively; assessment 
of the impact of programme on 5-yr and 10-yr 
survival

5-yr survival 75% (95% CI, 56–86%)
10-yr survival 69% (95% CI, 48–83%)

Rijnsburger et 
al. (2010) 
Netherlands, 
1999–2006

2157 women with > 15% cumulative risk of 
breast cancer: gene mutation carriers (n = 599) 
and FHBC with moderate or high risk 
(n = 1558)

Women screened with biannual CBE and 
annual M + MRI and diagnosed prospectively; 
assessment of overall survival at 6 yr

6-yr survival:
BRCA1/2 mutation 
carriers (n = 42)

92.7% (95% CI, 
79.0–97.6%)

Familial groups 
(n = 43)

100%

Passaperuma et 
al. (2012) 
United 
Kingdom, 
1997–2009

496 women with a known BRCA1/2 mutation, 
of whom 380 had no previous cancer history, 
aged 25–65 yr

Women screened with annual M + MRI and 
diagnosed prospectively; assessment of survival 
(n = 54)

8-yr survival 1 out of 28 BRCA1 
mutation carriers with 
invasive breast cancer 
died of breast cancer

Evans et al. 
(2014) 
1990–2013

MRI + M cohort: two prospective cohorts of 
959 (647 + 312) women with proven or likely 
BRCA1/2 or p53 mutations (25% mutation-
negative) 
M-only cohort: prospective cohort of 
1223 women with BRCA1/2 mutation or at 
equivalent risk of breast cancer, aged ≤ 55 yr 
(24% mutation-negative) 
Unscreened cohort: retrospective cohort of 
557 women with BRCA1/2 mutation identified 
from the Manchester genetic database as 
having been diagnosed with breast cancer, 
aged ≤ 55 yr

MRI + M cohort: screened annually with 
MRI + M either simultaneously (cohort 1) or 
6 mo apart (cohort 2) 
M-only cohort: screened with M only [annually] 
Unscreened cohort: identified retrospectively 
as diagnosed with breast cancer and not having 
undergone intensive surveillance (a subset aged 
50–55 yr had received 3-yearly mammography) 
10-yr survival analysis

10-yr survival 
among BRCA1/2 
mutation carriers 
only:

Log-rank test for 
overall survival

MRI + M 95.3%
M 87.7% 

NS when compared 
with no screening 
NS when compared 
with MRI + M

No screening 73.7% 
MRI + M vs no 
screening: P = 0.002

CBE, clinical breast examination; CI, confidence interval; FHBC, family history of breast cancer; M, mammography; mo, month or months; MRI, magnetic resonance imaging; NS, not 
statistically significant; yr, year or years.



Breast cancer screening

417

breast cancer-specific survival for breast cancer 
patients with a BRCA1 mutation was 75% (95% CI, 
56–86%) and the 10-year survival was 69% (95% 
CI, 48–83%) (Møller et al., 2013). These results 
are in contrast with those of two other recent 
studies (Rijnsburger et al., 2010; Passaperuma 
et al., 2012). In one study (Rijnsburger et al., 
2010), the estimated overall survival at 6 years in 
BRCA1/2 mutation carriers was 92.7% (95% CI, 
79.0–97.6%). In the other study (Passaperuma et 
al., 2012), out of 28 previously unaffected women 
with a BRCA1 mutation diagnosed with inva-
sive breast cancer, only 1 died after relapse. [The 
Working Group noted that the study of Møller 
et al. (2013) included only women with a BRCA1 
mutation, whereas the other two studies also 
included women with BRCA2 mutations, which 
could explain the difference in outcome.]

In a recent publication (Evans et al., 2014), 
a survival analysis was conducted between 
BRCA1/2 mutation carriers screened with MRI 
plus mammography and unscreened BRCA1/2 
mutation carriers (Table  5.19). There were no 
differences in 10-year survival between the 
groups screened with MRI plus mammography 
and with mammography only, but survival was 
significantly higher in the group screened with 
MRI plus mammography (95.3%) compared 
with the unscreened cohort (73.7%; P = 0.002). 
After adjustment for age at diagnosis, this differ-
ence was still statistically significant (HR, 0.13; 
95% CI, 0.032–0.53). [In this study, there were 
no deaths among the 21 BRCA2 carriers who 
received adjunct MRI, indicating that there 
might be differences in growth time between 
BRCA1 and BRCA2 tumours.]

(iv) False-positive recall rates
The low specificity linked to screening with 

mammography plus MRI implies that after 
several screening rounds a significant percentage 
of screenees will have experienced either a recall 
or an image-guided (often MRI-guided) biopsy 
or will have undergone short-term follow-up 

(Hoogerbrugge et al., 2008). In one systematic 
review on the adverse effects of adjunct MRI 
in the screening of women at an increased risk 
of breast cancer (Lord et al., 2007), there was a 
3–5-fold higher risk of patient recall for inves-
tigation of false-positive results compared with 
that of mammography alone.

(b) Ultrasonography

Overall, the sensitivity of ultrasonography 
for the screening of women at an increased risk 
of breast cancer is comparable to or lower than 
that of mammography, and it is always lower 
than that of MRI (Warner et al., 2004; Kuhl et 
al., 2005, 2010; Cortesi et al., 2006; Lehman et 
al., 2007; Riedl et al., 2007; Weinstein et al., 2009; 
Trop et al., 2010; Sardanelli et al., 2011; Berg et al., 
2012b; Table 5.17).

(c) Clinical breast examination

As part of the screening programme offered 
to women at an increased risk of breast cancer 
with and without a BRCA1 or BRCA2 mutation, 
CBE is offered in some settings in addition to 
mammography and/or MRI. The evidence on 
the topic was recently reviewed (Roeke et al., 
2014), including seven studies (Tilanus-Linthorst 
et al., 2000; Warner et al., 2001, 2004; Kuhl et 
al., 2010; Rijnsburger et al., 2010; Trop et al., 
2010; Sardanelli et al., 2011). The percentage of 
breast tumours detected by CBE varies from 0 
out of 120 (0%) (Warner et al., 2001, 2004; Kuhl 
et al., 2010; Trop et al., 2010; Sardanelli et al., 
2011) to 1 out of 260 (0.04%) (Tilanus-Linthorst 
et al., 2000) and 3 out of 97 (3.1%) (Rijnsburger 
et al., 2010) screen-detected cancers. [These 
latter two studies reported lower screen detec-
tion by mammography and/or MRI compared 
with studies in which no additional cases were 
detected by CBE. Furthermore, it is not clear 
whether CBE was performed blinded for the 
other tests, or whether these cases were detected 
during the screening or between the screening 
rounds, as most studies had annual screening 
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with MRI plus mammography (with or without 
ultrasonography) and biannual screening with 
CBE.]

5.6.2 Personal history of invasive breast 
cancer or DCIS

Women with a personal history of invasive 
breast cancer or DCIS are at an increased risk 
of developing breast cancer. This section reviews 
the evidence on the performance of screening 
with mammography and on whether adjunct 
ultrasonography or MRI improves screening 
performance in these women (Table 5.20).

Women with a personal history of breast 
cancer are at an increased risk of ipsilateral or 
contralateral breast recurrence, or of a second 
primary breast cancer. Several studies have 
shown that a follow-up surveillance programme, 
including annual mammography, may be 
considered beneficial to these patients (Ciatto et 
al., 2004b; Lash et al., 2007; Lu et al., 2009). Only 
studies that included a comparison group were 
considered by the Working Group.

One large multicentre cohort study affil-
iated with the Breast Cancer Surveillance 
Consortium assessed the accuracy and outcomes 
of mammography screening in women with 
a personal history of breast cancer compared 
with those without such a history (Houssami 
et al., 2011; Table 5.20). Mammography data of 
women with a personal history of early-stage 
breast cancer (58  870 mammograms in 19  078 
women) were matched on age, breast density, and 
year of screening to women without a personal 
history of breast cancer (58  870 mammograms 
in 55 315 women). Mammography screening in 
women with a personal history of breast cancer 
had lower sensitivity and specificity and a higher 
interval cancer rate, but a similar proportion of 
detected early-stage disease, compared with that 
in women without such a history (Houssami et 
al., 2011).

In a large study on the detection of breast 
cancer with the addition of annual screening 
with ultrasonography or a single screening 
with MRI to mammography in women at an 
increased risk, about 50% of the women had a 
personal history of breast cancer, and at baseline, 
about 55% of the women had a visually estimated 
breast density at scan of more than 60% (Berg et 
al., 2012b; Table 5.20). In this study, 111 cancers 
were detected: 33 with mammography only, 32 
with ultrasonography only, and 26 by the combi-
nation of mammography and ultrasonography. 
In a substudy, after three rounds of mammog-
raphy and ultrasonography, 9 additional cancers 
were detected with MRI. Overall, adding ultra-
sonography to mammography gave a statistically 
significant increase in sensitivity of the screening 
(first round, 55.6% vs 94.4%; subsequent rounds, 
52% vs 76%) as well as a statistically significant 
increase in the recall rate (first round, 11.5% vs 
26.6%; subsequent rounds, 9.4% vs 16.8%) (Berg 
et al., 2012b). When women with a personal 
history of breast cancer were compared with 
those without such a history, there were no statis-
tically significant differences in yield between 
the two groups. However, the increase in the 
recall rate due to adjunct ultrasonography was 
statistically significantly smaller in the group of 
women with a personal history of breast cancer 
compared with those without such a history.

In a substudy in which MRI was added to the 
combination of mammography and ultrasonog-
raphy, the sensitivity increased from 43.8% to 
68.8%, whereas the recall rate increased from 
16.3% to 36.3% (Berg et al., 2012b; Table  5.20). 
[The low sensitivity of the combined mammog-
raphy and ultrasonography screening compared 
with the whole study might indicate an overse-
lection of women with dense breast tissue in this 
substudy. The change in the recall rate due to 
supplementary MRI was statistically significantly 
higher in the group of women with a personal 
history of breast cancer compared with those 
without such a history. In this study, at baseline, 
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Table 5.20 Studies of the effects of screening in women with at least one risk factor for breast cancer

Study Study design Study population (N) Main outcome parameters Results for main outcome parameters

Screening of women with a personal history of invasive breast cancer or DCIS (PHBC)
Houssami et al. 
(2011)

Multicentre 
1996–2007 
Cohort study 
Annual M 
Breast Cancer Surveillance 
Consortium

58 870 screening M in 
19 078 women with PHBC 
58 870 screening M in 55 315 
women without PHBC

Sens (%):  
PHBC 65.4 (95% CI, 61.5–69.0)
Non-PHBC 76.5 (95% CI, 71.7–80.7)
Spec (%):  
PHBC 98.3 (95% CI, 98.2–98.4)
Non-PHBC 99.0 (95% CI, 98.9–99.1)

Berg et al. (2012b)a 
ACRIN 6666

Multicentre 
2004–2006 
Single reading 
Annual M and US 
Included women with PHBC 
and/or dense breasts

1426 women with PHBC 
1236 women without PHBC

Cancer detection (N):  
All women: 111
M only 33
US only 32
M + US 26
Screening with M + US:  
PHBC 59
No PHBC 52
  NS
Increase in cancer detection 
when adding US to M:

Similar in both PHBC and non-PHBC 
patients

Recall rate (%):  
M only 11.5
US only 20.9
M + US 26.6
  P < 0.001 vs M only
Increase in recall rate when 
adding US to M:

 

PHBC 8.6
No PHBC 11.9
  P < 0.001
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Study Study design Study population (N) Main outcome parameters Results for main outcome parameters

Berg et al. (2012b)a 
ACRIN 6666

Multicentre 
2004–2008 
Single reading 
Annual M + US, extended 
with a single MRI screening 
Included women with PHBC 
and/or dense breasts

275 women with PHBC 
336 women without PHBC

Cancer detection rate (/1000 
screens):

9 out of 25 cancers detected with MRI, 
after M + US

PHBC 7.3
No PHBC 26.7
  P = 0.063
Recall rate (%):  
M + US 16.3
M + US + MRI 36.3
  P < 0.001
Increase in recall rate when 
adding MRI to US + M:

 

PHBC 17.1
No PHBC 27.3
  P = 0.002

Screening of women with lobular neoplasia or atypical proliferations
Houssami et al. 
(2014b)

Multicentre 
1996–2010 
Cohort study 
Breast Cancer Surveillance 
Consortium

LCIS or ALH:  
2505 screens
Reference population: 
12 525 screens 

Sens (%):  
LCIS or ALH 76.1 (61.2–87.4)
Matched group 82.3 (70.5–90.8)
Spec (%):  
LCIS or ALH 85.1 (83.6–86.5)
Matched group 90.7 (90.2–91.2)

Houssami et al. 
(2014b) 

Multicentre 
1996–2010 
Cohort study 
Breast Cancer Surveillance 
Consortium

ADH or AH:  
6225 screens
Reference population: 
31 125 screens 

Sens (%):  
ADH or AH 81.0 (70.9–88.7)
Matched group 82.6 (76.0–88.1)
Spec (%):  
ADH or AH 86.2 (85.3–87.0)
Matched group 90.2 (89.9–90.6)

Sung et al. (2011) Single centre 
2003–2008 
Retrospective study of women 
with LCIS

840 MRI in 220 women; 670 
were routine screens

Cancers diagnosed (N): 17 cancers in 14 patients
M alone 5
MRI alone 12
Sens M (%) 36 (13–65)
Sens MRI (%) 71 (42–91)
Spec M (%) 90 (85–94)
Spec MRI (%) 76 (70–82)

Table 5.20   (continued)
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Study Study design Study population (N) Main outcome parameters Results for main outcome parameters

Friedlander et al. 
(2011) 

Single centre 
1996–2009 
Retrospective study of women 
with LCIS 

307 MRI in 133 women; all 
were routine screens 

% (N) of women with biopsy 
recall

20.3% (27/133)

% (N) of women with malignant 
findings

4% (5/133)

Port et al. (2007) Single centre 
1999–2005 
Retrospective study of women 
with LCIS or AH

182 women screened with 
annual M
196 women screened with 
annual M and adjunct MRI 

% (N) of women with screen-
detected and interval cancer

In both groups there were 2.5% (5) screen-
detected cancers and 1% (2) interval 
cancers

% (N) of women with biopsy 
recall

  M 11% (21)
  MRI 25% (55 in 46 patients)
King et al. (2013) Single centre 

1999–2009 
Prospective study of women 
with LCIS

4321 women screened with 
annual M
455 women screened with 
annual M and adjunct MRI

Cancer detection rate (%):  
M only 13%
M + MRI 13%
Characteristics of tumours MRI was not associated with earlier stage, 

smaller size, or node-negativity
a  The study by Berg et al. (2012b) included an MRI substudy. These results are presented here separately.
ADH, atypical ductal hyperplasia; AH, atypical hyperplasia of the breast; ALH, atypical lobular hyperplasia; CI, confidence interval; DCIS, ductal carcinoma in situ; FH, family history 
suspicious for an increased risk of breast cancer; LCIS, lobular carcinoma in situ; M, mammography; MRI, magnetic resonance imaging; NS, not significant; PHBC, personal history of 
breast cancer; Sens, sensitivity; Spec, specificity; US, ultrasonography.

Table 5.20   (continued)
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about 55% of the women had a visually estimated 
breast density at scan of more than 60%.]

5.6.3 Lobular neoplasia or atypical 
proliferations

Women with lobular neoplasia or atypical 
proliferations are estimated to be at an increased 
risk of developing breast cancer (Collins et al., 
2007; Tice et al., 2013). One large study affiliated 
with the Breast Cancer Surveillance Consortium 
assessed the accuracy and outcomes of screening 
women with LCIS, atypical lobular hyperplasia, 
atypical ductal hyperplasia, or atypical hyper-
plasia compared with those without such lesions 
(Houssami et al., 2014b; Table 5.20). The cancer 
rates in the cohorts of women with LCIS or with 
atypical lobular hyperplasia were 2–3 times that 
in the reference cohort, and the cancer rate in 
the cohort of women with atypical ductal hyper-
plasia was 3–4 times that in the reference cohort. 
There were no statistically significant differences 
in sensitivity between the four cohorts. However, 
mammography screening of women with LCIS, 
atypical lobular hyperplasia, atypical ductal 
hyperplasia, or atypical hyperplasia resulted in 
lower specificities and higher interval cancers 
rates compared with their referent population. 
[The higher interval cancer rates partly reflect 
the higher underlying breast cancer risk.]

A few studies have examined the sensitivity of 
MRI in screening women with LCIS (Friedlander 
et al., 2011; Sung et al., 2011; King et al., 2013) and 
those with LCIS or atypical hyperplasia (Port et 
al., 2007). In the two studies that did not have 
a comparison group, high sensitivities were 
reported for MRI screening in women with LCIS 
(Friedlander et al., 2011; Sung et al., 2011). [The 
Working Group noted that in the study of Sung 
et al. (2011), only 80% of the screens were routine 
screens; the remaining 20% had non-specified 
indications, and the indications for the routine 
screens were not specified. Similarly, the study 
of Friedlander et al. (2011) reported only results 

from routine breast MRI screens, but the indica-
tions for the routine screens were not specified. 
The estimated sensitivities are thus likely to be 
biased in both studies.]

In the other two studies (Port et al., 2007; King 
et al., 2013), women with high-risk lesions (LCIS 
and/or atypical hyperplasia) screened annually 
with mammography plus MRI were compared 
with women with high-risk lesions screened 
with annual mammography only. [In both 
studies, women with high-risk lesions selected 
to undergo adjunct MRI screening were younger 
and had stronger family histories of breast cancer 
compared with those screened by mammography 
only.] In both studies, adjunct MRI screening 
generated more follow-up biopsies compared 
with mammography alone.

5.7 Clinical breast examination

5.7.1 Preventive effects of clinical breast 
examination

Randomized trials of CBE versus no screening 
have shown a significant shift from late-stage 
(T3/T4) to early-stage (T1/T2) breast cancers in 
the intervention arm (Pisani et al., 2006; Mittra 
et al., 2010; Sankaranarayanan et al., 2011; see 
Section 4.3). Compliance with screening is one 
of the factors that determine effectiveness. In 
all three trials of CBE, the compliance with 
screening was high (>  85%), indicating accept-
ance of the procedure and ease of administering 
CBE. Access to care after recall and diagnosis is 
of paramount importance in the success of any 
screening trial, as is evident in the two random-
ized trials in India of CBE versus no screening 
(Mittra et al., 2010; Sankaranarayanan et al., 
2011). This was the major reason that the study 
in the Philippines was discontinued (Pisani et al., 
2006). The active intervention was stopped after 
the first screening round due to poor compliance 
(35% of screen-positive women) of participants 
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with clinical follow-up for confirmation of diag-
nosis and treatment.

5.7.2 Adverse effects

In the Mumbai study, the recall rate after 
CBE was 0.71%. Out of 153 130 screens by CBE, 
1539 women were recalled for diagnostic inves-
tigations and 81 were confirmed to have invasive 
cancers (Mittra et al., 2010).

Some harm of CBE may be attributed to pain 
or discomfort. Baines et al. (1990) carried out a 
survey of women who participated in the CNBSS 
to document women’s attitudes to screening by 
CBE and mammography. Of those who under-
went CBE, 8.4% reported moderate discom-
fort and 2.1% extreme discomfort, whereas of 
those who underwent mammography, 36.2% 
reported moderate discomfort and 8.7% extreme 
discomfort.

5.7.3 Cost–effectiveness analysis

Determining the cost–effectiveness of CBE 
alone is difficult because no trial has reported 
independent efficacy of CBE versus no screening. 
There have been many reports of cost–effective-
ness analyses (Okonkwo et al., 2008; Ahern & 
Shen, 2009) on screening with reference to CBE. 
[The Working Group noted that most reports 
made assumptions about mortality reductions to 
simulate or estimate cost–effectiveness that were 
not realistic. It may be appropriate to look at cost 
analysis instead.] The cost of delivering breast 
cancer screening by CBE is less than one third 
that of mammography (Sarvazyan et al., 2008).

5.8 Breast self-examination

5.8.1 Preventive effects of teaching breast 
self-examination

Randomized trials and multiple observa-
tional studies have generally shown little or 
no reduction in mortality from breast cancer 

in women who practised BSE (see Section 4.4). 
If BSE is to have an effect on breast cancer 
mortality, it will have to be practised compe-
tently, and more frequently than in the Shanghai 
trial (see Section 4.4). Table 5.21 shows results of 
11 surveys on BSE practice, based on self-reports, 
conducted primarily in countries with limited 
resources. Proficiency of BSE practice was not 
assessed in any of the studies. [It is unlikely that 
the proportion of women who reported practising 
BSE in any of the studies was sufficiently high to 
result in a meaningful reduction in breast cancer 
mortality rates in the populations surveyed.]

Results of two studies of BSE practice before 
and after BSE instruction have been reported. 
Approximately 1000 women aged 30–50 years in 
Madhya Pradesh, India, attended BSE instruction 
sessions in which a film was shown, reinforced by 
a lecture with flip charts showing proper tech-
nique, and including a question-and-answer 
period (Gupta et al., 2009). None of the women 
were practising BSE before the instruction. Two 
months after the instruction, 53% reported prac-
tising BSE regularly. [It is uncertain what regular 
practice means in just 2 months of alleged prac-
tice.] In Lower Saxony, Germany, women invited 
to instruction sessions received a lecture on BSE 
techniques followed by individual BSE training 
by a gynaecologist (Funke et al., 2008). The 
self-reported prevalence of monthly BSE practice 
was 21% before the instruction and 62% 1 year 
after the instruction. Proficiency of BSE practice 
was not assessed in either of these studies. [It is 
therefore unclear whether a sufficient number of 
women in either study practised BSE with suffi-
cient competence and frequency to result in a 
reduction in mortality from breast cancer.]

In three studies, BSE practice after BSE 
instruction was compared with BSE practice in a 
control group that did not receive instruction. In 
a study in rural women in the Republic of Korea 
(Lee et al., 2003), women were given BSE instruc-
tion after appraisal of their individual risk on the 
basis of a questionnaire. Three months after the 
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instruction, 30.5% of the women reported prac-
tising BSE regularly, compared with 10.2% in a 
control group. In a study of Latinas in the USA 
(Jandorf et al., 2008), women were randomized 
to a group receiving information on BSE and 
CBE or to a control group. Telephone interviews 
2 months after the instruction revealed that 45% 
of the women in the instruction group practised 
BSE compared with 27% in the control group. 
[Proficiency was not assessed in either of these 
studies.] In a BSE instruction programme in 

Ribe County, Denmark, up to 20 women at a 
time attended an intensive BSE training session 
lasting up to 2 hours that included videos as well 
as individual instruction on breast models and on 
the women’s own breasts (Sørensen et al., 2005). 
An unreported number of years later (< 5 years), 
a questionnaire was mailed to the women who 
had participated and to a sample of women in 
the county who had not participated; 485 (77%) 
and 313 (53%) responded, respectively. Women 
were asked about frequency of BSE practice and 

Table 5.21 Percentage of women who reported practising breast self-examination in surveys 
conducted in selected countries

Country 
Reference

Age of participants 
(years)

Definition of sample Definition of BSE 
practice

Number of 
women

Percentage 
practising BSE

Africa
Ethiopia 
Azage et al. (2013)

16–37 Health extension 
workers

Regularly 390 14.4%

Nigeria 
Obaji et al. (2013)

20–65 Market workers Regularly 238 0.4%

East and South Asia
Malaysia 
Rosmawati (2010)

Mean, 40.5 (SD, 
15.5)

Rural women Classified as good 86 7.0%

Malaysia 
Parsa et al. (2011)

Not given Teachers Regular 425 19.0%

Pakistan 
Sobani et al. (2012)

Mean, 32.4 (SD, 
10.9)

Outpatients Regularly 373 25.9%

Thailand 
Satitvipawee et al. 
(2009)

20–64 Rural women Monthly in past 
year

705 49.3%

West Asia
Iraq 
Alwan et al. (2012)

18–62 Women affiliated 
with universities

Ever practised 858 53.9%

Islamic Republic of 
Iran 
Khalili & Shahnazi 
(2010)

20–50 Clinic enrollees Ever practised 400 18.8%

Turkey 
Güleser et al. (2009)

Mean, 29 (SD, 5.6) Health-care workers Monthly 246 17.0%

West Bank and Gaza 
Strip 
Azaiza et al. (2010)

30–65 Residents of West 
Bank

Monthly or more 397 62%

Europe
Poland 
Lepecka-Klusek et al. 
(2007)

22–45 Nursing students, 
hospital workers, 
and gynaecological 
outpatients

Regularly 492 33.7%

BSE, breast self-examination; SD, standard deviation.
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whether they practised the various components 
of the BSE technique that was taught (posi-
tioning, use of mirror, and palpation pattern). On 
the basis of their answers, women were classified 
as performing BSE correctly, nearly correctly, or 
partly correctly. A higher percentage of women 
in the intervention group than in the control 
group practised BSE monthly (30.7% vs 21.1%) 
and practised it correctly or nearly correctly 
(27.6% vs 10.2%).

[The level of BSE practice in women taught 
BSE in all five of the evaluations of BSE instruc-
tion summarized in this section was lower than 
that in the trial in Shanghai, which showed no 
reduction in breast cancer mortality from BSE 
instruction. It is therefore reasonable to conclude 
that the level of BSE activity that was probably 
achieved in these studies was insufficient to 
have a meaningful impact on breast cancer 
mortality rates in the populations in which they 
were conducted. All of these studies except one 
were conducted in developed countries in which 
women, like the women in the Shanghai trial, had 
reasonable access to care, and in which women 
would be expected to seek medical attention 
for breast symptoms suggestive of breast cancer 
early in the course of the disease. The study in 
India may be an exception. In that country, many 
women with breast cancer typically present with 
advanced disease. It is unknown whether breast 
cancer mortality would be reduced if women in 
that country could be motivated to practise BSE 
on a regular basis, as was reported in the study 
by Gupta et al. (2009), and to do so competently.]

5.8.2 Adverse effects

In both randomized trials of BSE, more 
women in the instruction group than in the 
control group found breast lumps that required 
further evaluation and that were subsequently 
confirmed as not being breast cancer (Section 4.4). 
In the trial in St Petersburg (Semiglazov et al., 
2003), nearly twice as many women were referred 

for further evaluation in the instruction group 
than in the control group; in the Shanghai trial, 
80% more women in the intervention group than 
in the control group were found to have a histo-
logically confirmed benign lesion (Thomas et 
al., 2002). Such false-positives on screening can 
produce considerable anxiety, and the further 
evaluation of suspicious findings is not a trivial 
expense. Given that there is no proven benefit of 
BSE in reducing mortality from breast cancer, 
the risk–benefit ratio is very high.

5.8.3 Cost–effectiveness analysis

Given that there is no good evidence that BSE, 
as it has been reported to be practised in studies 
to date, contributes to a reduction in mortality 
from breast cancer, there can be no estimate of 
the cost per life year gained by practising BSE. 
Based on data from the study in Ribe County, 
Denmark, Sørensen & Hertz (2003) estimated 
the cost per avoided cancer with spread to lymph 
nodes to be €15 410 and the cost of avoiding a 
cancerous tumour larger than 20  mm to be 
€16 318. [In their model, they assumed that there 
was considerable shift to a lower stage as a result 
of BSE practice, but as discussed in Section 4.4, 
the evidence for this is questionable and incon-
sistent, and the results of their estimates are 
highly dependent on the assumptions that they 
made as to the magnitude of the stage shift. They 
used only the cost of the BSE programme in their 
model. Their estimates did not take into account 
the costs of diagnostic confirmation or of changes 
in treatment if there is a stage shift at the time of 
diagnosis by BSE practice. If there truly is a stage 
shift, then this could result in less aggressive and 
less costly treatment, which would be a benefit 
even in the absence of a reduction in mortality. 
However, given the uncertainties as to any bene-
ficial effects of BSE, no meaningful cost–effec-
tiveness estimates are possible.]
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6.1 Breast cancer

Breast cancer is the most commonly diag-
nosed cancer in women and the most common 
cause of cancer death in women worldwide. 
Globally, it is estimated that in 2012 there were 
1.68 million new diagnoses (25% of all new cancer 
diagnoses in women) and 0.52  million deaths 
(15% of all cancer deaths in women) from breast 
cancer, corresponding to age-standardized inci-
dence and mortality rates of 43.3 and 12.9 per 
100  000, respectively. Thus, in 2012 there were 
an estimated 6.3 million women alive who had 
had a diagnosis of breast cancer in the previous 
5 years (more than one third of all 5-year preva-
lent cancer cases in women). The largest contrib-
utor to the global burden was East and Central 
Asia (including China and India), where more 
than one third of the cases and more than 40% 
of the deaths occurred. In 2012, more than a 
3-fold variation in the age-standardized breast 
cancer incidence rates was recorded between 
countries in North America and western Europe 
(rates > 90 per 100 000) and countries in Central 
Africa and East and South-Central Asia (rates 
< 30 per 100 000). In many high-income coun-
tries, 5-year survival rates now reach 80–90% 
(with 10-year survival rates of 60–70%), whereas 
in low- and middle-income countries (LMICs), 
5-year survival rates may be less than 60% and 
as low as 12%. Globally, about one third of breast 
cancer cases are diagnosed in women younger 
than 50 years, and about one half in women aged 
50–74 years; however, the mean age of diagnosis 

is lower in LMICs. In most countries, an increase 
in incidence rates and a decrease in mortality 
rates were evident over recent decades, beginning 
in many countries before the implementation of 
mammography screening programmes. In those 
countries where screening was introduced in the 
1980s and 1990s, the increase in incidence rates 
has been most evident in the age group of invited 
women.

Invasive adenocarcinoma of the breast is 
a malignant tumour that penetrates the base-
ment membrane and spreads via both the blood 
and lymphatic systems, progressing to regional 
lymph node and systemic metastasis. Invasive 
breast cancers vary in morphological and molec-
ular genetic characteristics, clinical features, and 
prognosis. The main non-invasive form of breast 
carcinoma in situ, ductal carcinoma in situ, has 
at least a 40% likelihood of progression to inva-
sive cancer when untreated. Most benign breast 
lesions have no known relationship to the devel-
opment of invasive breast cancer. However, some 
forms of breast epithelial proliferation, such as 
usual epithelial hyperplasia and atypical hyper-
plasia, are associated with an increased risk of 
subsequent breast cancer (by 1.5–2.0-fold and 
2.5–4-fold, respectively).

Established breast cancer risk factors include 
early menarche, late menopause, later age at 
first pregnancy, nulliparity and low parity, little 
or no breastfeeding, higher body mass index at 
postmenopausal ages, and tall stature. Other 
factors associated with an increased risk include 
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low physical activity levels, alcohol consump-
tion, certain exogenous hormone therapies, 
mammographic density, a history of proliferative 
benign breast conditions, and a family history 
of breast cancer. Exposure to ionizing radiation 
is linearly associated with an increased breast 
cancer risk. The risk shows an inverse relation-
ship with age at exposure, with very low or no 
risk for women exposed after age 50 years and 
an increase in risk for women exposed before 
age 40 years. In addition to the above-mentioned 
breast cancer risk factors, genetic factors are of 
particular importance. The risk increases with 
the number of affected first-degree relatives and 
is most pronounced in young adults. Mutations 
in the high-penetrance genes BRCA1 and BRCA2, 
together with mutations in additional cancer 
susceptibility genes, account for approximately 
27% of all hereditary breast cancer cases and 5% 
of all breast cancer cases. The majority of cancer 
susceptibility genes code for tumour suppressor 
proteins involved in critical DNA repair path-
ways, which may increase the radiosensitivity of 
women in this population.

In LMICs, breast cancer cases are frequently 
diagnosed at more advanced stages than those in 
high-income countries, mostly due to the lack of 
effective diagnostic services. The mortality and 
morbidity associated with advanced disease may 
be reduced through early diagnosis of sympto-
matic breast cancer or early detection of breast 
cancer by screening in asymptomatic women. 
Promotion of breast cancer awareness may be a 
feasible option for early detection in settings with 
limited resources where screening is not feasible.

Comprehensive quality assurance, via evalu-
ation and monitoring of performance indicators, 
is essential to maintain an appropriate balance 
between the benefits (mainly reduced mortality 
from breast cancer) and harms of screening. 
Quality assurance of breast cancer screening 
requires appropriate, sustainable resources for 
planning, coordination, and training.

6.2 Implementation of breast cancer 
screening worldwide

There is a social gradient to participation 
in breast cancer screening. Income, education 
level, place of residence, age, health, access to 
general health services (including screening), 
and cultural factors are among the factors that 
influence participation. Knowledge about breast 
cancer and screening is associated with higher 
participation. Worry about breast cancer and 
perceived risk of breast cancer are also asso-
ciated with higher participation, but fatalism 
about cancer is associated with lower partici-
pation. Acculturation among minority women 
and immigrant women in settings with access to 
screening is usually associated with higher rates 
of screening.

Informed decision-making is a principle that 
underpins participation in screening; however, 
laypeople may conceptualize informed choice 
differently from policy-makers. Professionals 
debate about what constitutes appropriate infor-
mation to provide to women, especially about 
overdiagnosis and false-positive test results (see 
Section 6.3.3a, b).

Participation in breast cancer screening 
can have psychological or psychosocial conse-
quences for women, either from the invitation 
to screening or from the outcome, which may in 
turn affect further participation in screening (see 
also Section 6.3.3d).

6.2.1 Europe

Breast cancer screening is well established 
in western Europe and is delivered according to 
a common pattern, which has been guided by 
the activity of projects funded by the European 
Union. Some countries, particularly those 
in central and eastern Europe, have less well 
developed programmes or have not yet imple-
mented screening. Breast cancer screening is 
delivered mainly by organized programmes, as 
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encouraged by the European Commission, which 
has published quality assurance guidelines, now 
in their fourth edition.

Participation rates vary across Europe, from 
less than 20% in Poland to more than 85% in 
Finland, with an estimated average of just less 
than 50%. Commonly, participation rates are 
higher among more affluent and more educated 
women and lower among women of lower socio-
economic status or from a minority or immi-
grant background.

6.2.2 North America

Breast cancer screening has been widely avail-
able in parts of Canada and the USA since the 
late 1980s or early 1990s and typically achieves 
population attendance rates of about 50%, 
varying from 30% to 60%. In Canada, breast 
cancer screening is delivered primarily through 
organized programmes, whereas in the USA, 
screening is opportunistic. Both countries have 
well-developed quality assurance programmes. 
In the USA, management of quality assurance is 
mandated by federal regulations. Both Canada 
and the USA have programmes to raise aware-
ness. Women in Canada and the USA face similar 
barriers to breast cancer screening, including 
living in a rural area, low income, low education 
level, and minority status.

6.2.3 Latin America

In Latin America, there has been increasing 
activity in breast cancer screening during 
the past decade. Currently, almost all Latin 
American countries in which breast cancer is the 
leading cause of cancer mortality among women 
have national recommendations or guidelines; 
however, no country in the region has a screening 
system that meets all the criteria of organ-
ized screening programmes. Most countries 
use mammography screening combined with 
clinical breast examination (CBE) and breast 

self-examination (BSE); half of the countries 
recommend mammography for women younger 
than 50 years. Screening participation rates vary 
enormously across and within countries, with 
large differences between urban and rural areas 
and by income level. There is intensive advocacy 
activity, and information is provided by govern-
ments, NGOs, and the media, which appear to 
have induced a good level of breast awareness, 
although in a non-coordinated manner.

6.2.4 Sub-Saharan Africa

With the exception of South Africa, no 
country in sub-Saharan Africa has developed 
national recommendations or guidelines for 
breast cancer screening; however, relevant 
activity by NGOs is present throughout the 
region, and a few governments have carried out 
periodic campaigns to promote breast aware-
ness. No population-based data on screening 
participation were available for most coun-
tries, and the only available national survey 
from South Africa found that 15.5% of women 
reported having had a mammogram during their 
lifetime. Accordingly, diagnosis occurs at a late 
stage of the disease. Despite several initiatives 
to increase breast awareness and provide health 
education, poverty, the lack of governmental 
support, and sociocultural influences represent 
relevant barriers to breast cancer awareness and 
screening.

6.2.5 Central and West Asia and North Africa

Countries located in Central and West Asia 
and North Africa are heterogeneous, and this 
is reflected in terms of access to breast cancer 
screening. While high-income countries such as 
Israel, Kuwait, and Qatar have well-developed 
health services, most countries in this area are 
classified as LMICs, with limited resources allo-
cated to health care. Recent and current emer-
gencies in several countries in this area have 
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exacerbated previous problems, and screening is 
not available to women in these circumstances 
and is not a priority.

Some screening is available in the more 
affluent countries, and there is NGO activity in 
some areas. A few pilot and exploratory projects 
have taken place. Both awareness and partici-
pation rates are low. Israel has a well-developed 
breast cancer screening system, and participa-
tion is high.

6.2.6 South-East Asia

Among the four countries or areas that have 
national programmes based on cancer screening 
guidelines, organized screening is present in 
the Republic of Korea, Singapore, and Taiwan, 
China, but not in Japan. The age group younger 
than 50  years has been included in the target 
population for breast cancer screening, except 
in Singapore. Some countries, such as China 
and Indonesia, have local community-based 
screening programmes. In several countries, 
such as India, screening is performed only within 
research studies. For the efficient use of limited 
resources, Thailand is developing risk-prediction 
models to target only women at an increased 
risk. National programmes for cancer control 
and prevention of noncommunicable diseases 
have promoted breast cancer awareness in Asian 
countries.

6.2.7 Oceania

Australia and New Zealand provide organ-
ized screening programmes for breast cancer. 
The target age groups were expanded in the past 
decade, in Australia to women in their early 
seventies and in New Zealand to women in their 
late forties. In the past decade, the participation 
rate has remained about 50% in Australia and has 
increased from 50% to more than 70% in New 
Zealand. Australia, Fiji, and New Zealand have 
national programmes for breast care awareness. 

Because minority groups have low participation 
rates in breast cancer screening, they have been 
the major target of programmes to promote 
breast cancer awareness.

6.3 Mammography screening

The technology, technique, and interpre-
tation skills of mammography have advanced 
enormously since its early development, leading, 
chiefly, to improved sensitivity and specificity, 
and reduced radiation doses. Digital mammog-
raphy provides improved sensitivity in moder-
ately dense breasts. Digital breast tomosynthesis 
produces three-dimensional mammographic 
images, allowing better visualization and local-
ization of potential lesions. The radiation dose 
of digital mammography with tomosynthesis 
is approximately twice that of mammography 
alone, but is significantly reduced by recon-
struction of two-dimensional images from the 
three-dimensional images. Many countries have 
developed detailed guidelines for quality control 
in mammography screening.

6.3.1 Efficacy of mammography screening 
from randomized controlled trials

Efficacy of a specific intervention generally 
refers to its beneficial effect under ideal circum-
stances. In practice, it is rarely possible to assess 
true efficacy. Randomized controlled trials 
(RCTs), which have been designed initially to 
assess whether mammography screening may 
reduce breast cancer mortality, increase life 
expectancy, and reduce the number of women 
undergoing aggressive treatments, may suffer 
from a low compliance rate, contamination in 
the control arm, long screening intervals, or 
suboptimal quality.

The Working Group considered all 10 
randomized trials of breast cancer screening 
that have been conducted to be eligible for eval-
uation. These trials, initiated from 1963 until 
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1991, are: the Health Insurance Plan trial (USA); 
the Malmö  I and Malmö  II trials (Sweden); 
the Two-County trial (Sweden); the Stockholm 
trial (Sweden); the Gothenburg trial (Sweden); 
the Canadian National Breast Screening Study 
trials, CNBSS  1 and CNBSS  2 (Canada); the 
Edinburgh trial (United Kingdom); and the 
United Kingdom Age trial (United Kingdom). 
Individual randomization was performed in the 
Health Insurance Plan, Malmö, CNBSS, and 
Gothenburg trials (the latter only in women 
aged 39–49 years), and cluster randomization in 
the other trials. The mean duration of follow-up 
for breast cancer mortality ranged from 9 years 
for the Malmö  II trial to 25–29  years for the 
Two-County trial. All but two RCTs, which had 
screening of the control group by design, showed 
breast cancer mortality reductions of between 
10% and 35% for women invited to screening 
(across the ages 39–74 years at entry); however, 
the reduction was statistically significant in 
only two trials (the Two-County and Edinburgh 
trials). Meta-analyses of the RCTs showed a 
statistically significant reduction in breast cancer 
mortality of about 23% in women invited to 
screening aged 50–69  years at entry. Concerns 
have been raised that cluster randomization may 
not achieve balance in critical risk factors for 
breast cancer. This effect was demonstrated as a 
bias in the Edinburgh trial; in the Two-County 
trial, substantial bias was found to be unlikely. 
For only the Health Insurance Plan and CNBSS 
trials were data obtained to confirm balance in 
the distribution of conventional risk factors for 
breast cancer in women in the compared arms.

Evidence from the RCTs for the efficacy of 
mammography screening of women starting at 
age 40  years and continuing to age 74  years in 
reducing breast cancer mortality is less extensive. 
The United Kingdom Age trial, which included 
women aged 39–41 years at entry, was the only 
trial aimed at answering the question of whether 
mammography screening at age 40–41 years is 
effective in reducing breast cancer mortality in 

women diagnosed during their forties; a 17% 
statistically non-significant reduction in breast 
cancer mortality was found in the trial. For 
women aged 70–74 years, only in the Two-County 
trial was screening offered to this age group, and 
a 24% non-significant reduction in breast cancer 
mortality was reported.

The CNBSS trials incorporated screening by 
CBE and the teaching and reinforcement of BSE 
in both the mammography and the control arms. 
The CNBSS 2 trial for women aged 50–59 years 
specifically addressed the question of whether 
adding mammography screening to CBE leads to 
additional benefits, and found no difference in 
breast cancer mortality. By modelling of the indi-
vidual data, it was estimated that a reduction of 
more than 20% in breast cancer mortality could 
have been derived from the CBE if compared 
with a no-screening arm.

Eight of the RCTs had reported cumulative 
incidence of advanced breast cancers (the Health 
Insurance Plan, Malmö, Two-County, CNBSS 1 
and CNBSS  2, Stockholm, Gothenburg, and 
United Kingdom Age trials), with reductions 
varying from 3% to 31% in the individual trials.

It was not possible to estimate the average 
overdiagnosis in women screened from age 
50  years to age 69  years (or 74  years), because 
many trials had provided screening also for the 
control group or had not reported data specifi-
cally for the screening of women in the age range 
50–69 years.

Screening intervals were 12  months in 
the Health Insurance Plan, CNBSS, and 
United Kingdom Age trials, 18  months in the 
Gothenburg trial, 18–24 months in the Malmö 
trials, 28  months in the Stockholm trial, and 
24  months for women aged 40–49  years and 
33  months for those aged 50–69  years in the 
Two-County trial. However, the different designs 
of the trials preclude an assessment of the compar-
ative efficacy of screening by different intervals. 
One additional trial in the United Kingdom was 
specifically designed to evaluate the effects of 
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varying screening frequency; reduction in breast 
cancer mortality was modelled based on results 
of tumour size, nodal status, and histological 
grade. No statistically significant difference was 
found between a 3-year and a 1-year interval for 
women aged 50–64 years.

6.3.2 Effectiveness of mammography 
screening

Evaluation of the effectiveness of screening 
on breast cancer mortality can use various design 
and analytical approaches. Incidence-based 
mortality (IBM) cohort studies and nested case–
control studies are the most robust designs for 
evaluating the effectiveness of service mammog-
raphy screening, when they achieve a sufficient 
follow-up time. All of the studies currently avail-
able for evaluation were performed in high-in-
come countries.

(a) Incidence-based mortality cohort studies

(i) Women aged 50–69 years
Nineteen separate IBM cohort study anal-

yses have estimated the overall effects on breast 
cancer mortality of invitation to mammography 
screening, with or without CBE, in women aged 
50–69  years or in a wider age group including 
this range (beginning at < 50 years in eight anal-
yses and ending at > 69 years in five analyses).

Given substantial overlaps in space and 
time among reports based on population-based 
mammography screening programmes in 
Sweden, Finland, and Norway, the Working 
Group considered only the more extensive 
studies for each country (two of the six analyses 
based on the Swedish mammography screening 
programme, one of the five analyses based on the 
Finnish breast cancer screening programme, and 
two of the three analyses based on the Norwegian 
breast cancer screening programme).

The relative risks from IBM studies for 
invitation to screening ranged from 0.58 (95% 
confidence interval [CI], 0.44–0.75), for year  8 

to year  12 of screening in Navarre, Spain, to 
0.94 (95% CI, 0.68–1.29), for the first 15  years 
of screening in Nijmegen, the Netherlands. The 
median relative risk of all studies considered 
was 0.77, between the values of 0.76 (95% CI, 
0.53–1.09), based on the first 6 years of screening 
in Finland, and 0.78 (95% CI, 0.70–0.87), based 
on 12 years of screening in Finland (1992–2003). 
If all Norwegian studies are removed from the 
analysis, because of the introduction of multi-
disciplinary breast cancer care centres in parallel 
with the roll-out of the organized screening 
programme, the median relative risk is 0.76. 
The remaining analyses included one each from 
Denmark, Italy, and the United Kingdom. The 
study in the United Kingdom, which included 
CBE (annual) with mammography (biennial), 
reported a relative risk of 0.73 (95% CI, 0.63–0.84). 
Lead-time bias was the most common residual 
bias and would be expected to be conservative.

Eleven independent informative IBM cohort 
study analyses of effects of participation in 
mammography screening on breast cancer 
mortality were considered, after exclusion of 
studies reporting a relative risk based on an anal-
ysis of invitation to screening multiplied by an 
estimate of the participation rate.

Two of the four analyses based on the 
Swedish mammography screening programme 
substantially overlapped in space and time, and 
thus the Working Group considered only the 
more extensive study. Two further studies, one 
in Sweden and one in Italy, were not, or were 
probably only partially, adjusted for self-selec-
tion bias. A third study, in Canada, although it 
was not adjusted for self-selection bias, provided 
an analysis of a small component of the data that 
suggested that self-selection bias (in populations 
in which only one third to one half of women 
had been screened) was small and conservative. 
The remaining five analyses included one each 
in Denmark, Finland, and Norway, and two in 
the USA. The relative risks for attendance to 
screening from these studies ranged from 0.57 
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(95% CI, 0.53–0.62), based on 11–22  years of 
screening in Sweden, to 0.80 (95% CI, 0.34–1.85), 
based on 3.5  years of organized screening in a 
health maintenance organization in the USA. 
The median relative risk was 0.60, from both the 
Danish programme (95% CI, 0.49–0.74) and the 
Canadian programme (95% CI, 0.52–0.67). The 
Norwegian study, on attendance in the breast 
cancer screening programme, is methodologi-
cally probably the best of the studies considered, 
since it was based on individually linked data 
for all women studied; the relative risk was 0.57 
(95% CI, 0.51–0.64) for screening in the period 
1996–2009. The two studies in the USA included 
CBE as part of the screening offered.

Overall, IBM cohort studies indicate reduc-
tions in breast cancer mortality of about 20% for 
women invited to screening and of about 40% for 
women who attend screening, in this age range.

(ii) Women younger than 50 years or older 
than 69 years

IBM analyses can provide evidence on the 
effectiveness of screening in women younger 
than 50 years if they are based on women who 
were only offered screening while they were 
younger than 50 years or are limited to women 
whose breast cancer was diagnosed while they 
were younger than 50 years. Similarly, to provide 
evidence on the effectiveness of screening in 
women older than 69 years, IBM analyses must 
be based on women first offered screening after 
age 69 years and limited to breast cancer deaths 
that followed a diagnosis of breast cancer when 
the women were older than 69 years.

Based on screening experience for most of 
Sweden in the period 1986–2005, the relative 
risk for invitation to screening at age 40–49 years 
was estimated to be 0.74 (95% CI, 0.66–0.83); it 
was 0.83 (95% CI, 0.70–1.00) for invitation at age 
40–44  years, and 0.68 (95% CI, 0.59–0.78) for 
invitation at age 45–49 years.

Three studies provided evidence on the effec-
tiveness of screening in women older than 69 years. 

One study in the Netherlands reported an odds 
ratio of 0.89 (95% CI, 0.56–1.40) for women first 
invited to screening at age 68–83 years. One study 
in Sweden reported an odds ratio of 0.96 (95% CI, 
0.73–1.25) for women first invited to screening at 
age 65–74 years. One study in Canada reported 
an odds ratio of 0.65 (95% CI, 0.56–0.74) for 
women first attending organized screening at 
age 70–79  years. An alternative analysis of the 
Swedish data, using estimated excess mortality 
from breast cancer instead of the number of 
breast cancers that were registered as the under-
lying cause of death, gave an estimated relative 
risk of 0.84 (95% CI, 0.59–1.19); this alternative 
could be justifiable if there was material error 
in assignment of underlying cause of death in 
older women in this study. The Canadian study 
was limited by lack of adjustment for self-selec-
tion bias and lack of consideration of probable 
opportunistic screening before acceptance of an 
invitation to organized screening at age 70 years 
or older.

(b) Case–control studies

(i) Women aged 50–69 years
Eleven separate case–control studies con-

ducted in Europe and Australia provided rele-
vant data on the effectiveness of mammography 
in service screening programmes. Most of these 
studies enrolled women invited for screening 
at ages 50–69  years; two included women 
younger than 50  years at invitation, and four 
included women older than 69  years at invita-
tion. Although some studies were conducted 
in the same geographical area, the studies were 
judged to have no effective overlap and hence to 
be independent. In these case–control studies, 
odds ratios for all ages ranged from 0.24 (with 
correction for self-selection bias) to 0.75.

Eight additional case–control studies 
conducted in Europe and the USA provided rele-
vant data on the effectiveness of mammography 
screening conducted in other settings. Three 
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of the studies included women younger than 
50 years at invitation, and none included women 
older than 70 years. Odds ratios for the largest 
range of ages included in these studies ranged 
from 0.30 to 0.91.

Case–control studies typically provide esti-
mates of the effect of screening for women who 
participated in screening compared with women 
who had been invited or to whom screening 
was otherwise offered but who did not partic-
ipate. Non-participating women may have a 
different risk of dying from breast cancer, so 
this may result in selection bias in the absence 
of appropriate adjustment. Information bias can 
be considered minimal if the case–control study 
is based on systematic historical databases on 
screening, but may be larger in other types of 
case–control studies. Self-selection bias can be 
assessed by comparing breast cancer mortality 
rates in unscreened women with those in screened 
women just before service screening started; in 
practice, self-selection bias has been shown to be 
limited in service screening programmes with 
high attendance rates. The results of case–control 
studies indicate that breast cancer mortality is 
reduced by about 48% in screened women.

(ii) Women younger than 50 years or older 
than 69 years

Case–control study analyses can provide 
evidence on the effectiveness of screening in 
women younger than 50 years if they are based 
only on deaths from breast cancer of women 
whose cancer was diagnosed when they were 
younger than 50  years or whose last screening 
or invitation to screening before diagnosis of 
breast cancer was while they were younger than 
50  years. Similarly, to provide evidence on the 
effectiveness of screening in women older than 
69 years, analyses must be based on women first 
offered screening after age 69 years and limited 
to breast cancer deaths that followed a diagnosis 
of breast cancer when the women were older than 
69 years.

Six case–control study analyses estimated 
the effectiveness of invitation to or attendance 
of screening at ages 40–49 years (five studies) or 
below age 50 years (one study) in reducing breast 
cancer mortality. Odds ratios for invitation or 
attendance ranged from 0.50 to 1.18, with only 
one greater than 1.0. The two studies in women 
invited to attend the screening programme in 
Nijmegen, the Netherlands, analysed some of the 
same breast cancer deaths.

One case–control study provided a poten-
tially valid estimate of the effectiveness of first 
attendance of screening at age 65–74  years, 
with an odds ratio of 0.54 (95% CI, 0.31–0.95) 
in women ever screened in that age range. (The 
breast cancer deaths included as cases in this 
study probably include most of those in the Dutch 
cohort study of women first invited to screening 
at age 68–83 years referred to above.)

(c) Ecological studies

Despite their lower value, ecological studies 
may be appropriate for evaluating popula-
tion-level interventions, such as screening, 
when geographical areas or population groups 
are expected to be similar in cancer risk except 
for the introduction of screening. The Working 
Group considered that accurate information on 
standards of breast cancer treatment in different 
regions analysed and careful matching of regions 
by treatment standards or adjustment for differ-
ences between regions in treatment standards 
are minimum criteria for validity of ecological 
studies. Of the 87 studies considered, 5 studies 
were included in the review. Of those, three found 
benefits from mammography screening and two 
did not. Thus, evidence from the small number 
of informative studies was consistent with that 
from cohort studies and case–control studies.

(d) Stage-specific incidence

Overall, studies that compared incidence 
rates of advanced breast cancer in screened versus 
unscreened populations showed significantly 
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lower rates of advanced cancers in screened 
women. Ecological studies, which are based on 
cancer registries, without distinction between 
breast cancer cases detected by screening or 
otherwise (intention to screen), reported smaller 
differences.

(e) Effect of adjuvant therapy on effectiveness 
of screening

Adjuvant systemic therapy has been increas-
ingly used since the late 1980s, and has thus 
probably affected the effects of screening. Two 
important studies have recently reported on this 
issue. A study using micro-simulation model-
ling reported that in 2008, adjuvant treatment 
was estimated to have reduced the breast cancer 
mortality rate in the simulated population by 
13.9%, compared with a situation without treat-
ment; biennial screening between age 50 years and 
age 74 years further reduced the mortality rate by 
15.7%. Another modelling study, which included 
six natural history models for the population 
in the USA and used very similar techniques, 
reported that in 2000, screening and adjuvant 
treatment were estimated to have reduced breast 
cancer mortality by 34.8%, compared with a situ-
ation with no screening or adjuvant treatment; a 
reduction by 15.9% was estimated to have been 
a result of screening, and 23.4% as a result of 
treatment.

6.3.3 Adverse effects of mammography 
screening

Early detection of breast cancer by mammog-
raphy screening is associated with harms, of 
which the most important are false-positive 
results of the screening test, overdiagnosis, and 
possibly risk of radiation-induced breast cancer.

(a) Cumulative risk of false-positive recall

The cumulative risk of a false-positive recall, 
an important harm of screening, is defined as the 
cumulative risk of recall for further assessment 

at least once during the screening period (usually 
10 biennial screening episodes in organized 
programmes) minus the cancer detection rate 
over the same period. There is a similar defi-
nition for the cumulative risk of recall with a 
subsequent invasive procedure (needle biopsy or 
surgical biopsy) and a benign outcome. There are 
large differences in estimates of the cumulative 
risk between organized breast cancer screening 
programmes and opportunistic screening. The 
modelled estimate of cumulative risk of false-pos-
itive recall in organized screening programmes 
in Europe is about 20% for a woman who had 
10 screenings between the ages of 50 years and 
70  years; less than 5% have an invasive proce-
dure. In opportunistic screening, such as in the 
USA, rates of recall are higher, and the protocols 
for assessment are different; the cumulative risk 
of having at least one false-positive recall after 
10  years of screening has been estimated to be 
about 40% with biennial screening and about 
60% with annual screening, and these rates 
are similar for women starting screening at age 
40 years and at age 50 years.

(b) Overdiagnosis

Overdiagnosis refers to the detection by 
screening of breast cancers (ductal carcinoma 
in situ and invasive) that would never have been 
diagnosed clinically if the women had not been 
screened. Overdiagnosed breast cancers are 
treated because they cannot be distinguished 
from cancers that would progress if not treated; 
therefore, treatment is the main component of 
the harm of overdiagnosis. The epidemiological 
quantification of overdiagnosis in observational 
studies is important because estimates may be 
influenced by local screening practice and tech-
nological innovations.

The Working Group noted and endorsed 
the classification of measures of overdiagnosis 
suggested by the Independent United Kingdom 
Panel (measures A to D). Use of this classifica-
tion when reporting overdiagnosis estimates 
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will enhance the prospects of valid compar-
ison between overdiagnosis estimates made 
in different studies and in different screening 
programmes.

RCTs have shown that after the drop in inci-
dence that follows the end of regular screening 
has occurred, there is a persistent excess of diag-
nosed cases, which can give an estimate of the 
number of overdiagnosed cases. Based on a start 
of screening at age 40–69 years and a follow-up 
time of at least 10  years after the end of the 
screening period, two RCTs with long follow-up 
periods estimated overdiagnosis to be 4–12% 
of all cancers detected in control (unscreened) 
women over the same follow-up period (measure 
A). As a proportion of screen-detected cancers 
only, the estimate was 22–29% (measure D). To 
obtain a truly valid estimate of overdiagnosis 
in RCTs, there should be no screening after the 
trial has ended in either the study or the control 
arm. It is doubtful whether any RCT has met 
this requirement. Moreover, the RCT estimates 
relate to screening performed in the 1980s, and 
there are no pooled age-specific estimates (e.g. 
for women aged 40–49 years or 50–69 years).

The methodology for evaluating overdiag-
nosis in observational studies, based mainly on 
organized programmes, has varied widely across 
studies. Two main approaches, aided by model-
ling, are currently proposed. The cumulative inci-
dence approach follows a population (cohort or 
dynamic) over time, including over the period of 
the compensatory drop in incidence after the end 
of screening. Models have estimated that breast 
cancers may be screen-detectable up to 10 years 
before they would present clinically (i.e. screening 
has a lead time of up to 10 years), although the 
issue is controversial and others have argued for 
shorter lead times. Assuming a lead time of up to 
10 years, a follow-up period of at least 5–10 years 
after the end of screening attendance is needed 
to include the compensatory drop. The second 
approach involves statistical adjustment for the 
lead time that has produced the excess of cases 

initially. A further challenge in estimating over-
diagnosis is proper allowance for any underlying 
trend in incidence with time or adjustment for 
exposure to factors confounded with screening 
(e.g. hormone replacement therapy) that may 
cause such a trend. Studies evaluate incidence 
rates in populations invited and not invited to 
screening, or screened and not screened, and 
in the latter case bias from self-selection for 
screening should be taken into account.

The Working Group considered 30 obser-
vational studies that reported estimates of 
overdiagnosis. Their results varied widely; esti-
mates of the overdiagnosis risk, principally the 
Independent United Kingdom Panel’s measure 
A, ranged from −0.7% to 76% for invasive cancer 
only and from 1% to 57% for in situ and invasive 
cancers together. For 13 of these studies that were 
considered to be adequately adjusted for under-
lying trend in breast cancer incidence and for 
lead time, the measure A estimates ranged from 
2% to 25% for invasive cancer only and from 2% 
to 22% for in situ and invasive cancers together.

(c) Risk of radiation-induced breast cancer

The low dose of X-ray photon radiation 
received during mammography is a potential 
adverse effect of breast cancer screening, since 
exposure of the breast to ionizing radiation 
may induce breast cancer. The number of breast 
cancers induced by mammography is estimated 
through risk assessment approaches, which use 
a range of hypotheses about risk model, latency 
time, correction factor for low dose and dose 
rate, mean glandular dose to the breast during 
mammography, targeted population, and 
screening modalities. For biennial screening 
from age 50  years to age 74 or 80  years (with 
follow-up until age 85  years or older), the esti-
mated number of breast cancer deaths induced 
by mammography screening ranges from 1 to 7 
per 100  000 women screened. These estimates 
are smaller than estimates of breast cancer 
deaths prevented by mammography screening 
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by a factor of at least 100. For 10 years of annual 
screening from age 40 years to age 49 years (with 
follow-up until age 85  years or older), the esti-
mated number of breast cancer deaths induced 
by mammography screening ranges from 8 to 20 
per 100 000 women screened.

(d) Psychosocial consequences

Studies of the psychological impact of false- 
positive mammography, which were summarized 
in seven reviews, showed varied results. Some 
studies reported that women who have further 
investigations after a routine mammogram expe-
rience anxiety in the short term, and possibly 
in the long term. Also, some studies reported 
that some women with false-positive results 
conducted more frequent BSE and had higher 
levels of distress and anxiety, although not appar-
ently pathologically so, and thought more about 
breast cancer than did those with normal results; 
in other studies, the effects were limited to breast 
cancer-specific outcomes. Two of the reviews 
concluded that the process decreased women’s 
quality of life for weeks and even months.

6.3.4 Cost–effectiveness of mammography 
screening

Decisions about implementation of health-
care interventions are based primarily on health 
benefits and a favourable harm–benefit ratio, 
but – to use limited resources efficiently – are 
also often based on cost–effectiveness analyses. 
A cost–effectiveness analysis compares different 
policies, including the current one, with no inter-
vention (average cost–effectiveness) or compares 
a more-intensive programme with a less-inten-
sive programme (incremental cost–effective-
ness). Effects are often defined as disease-specific 
deaths prevented and life years gained but are 
ideally adjusted for quality of life, resulting in 
quality-adjusted life years.

Ideally, all possible screening policies that are 
of relevance are compared in a cost–effectiveness 

analysis. However, it is not feasible to compare 
all scenarios of interest in an RCT or observa-
tional study. By the use of mathematical models, 
findings from screening trials and observational 
studies are extrapolated to simulated popula-
tions. Numerous cost–effectiveness analyses 
showed that organized mammography screening, 
often biennially, is cost-effective. Despite their 
greater effectiveness, screening strategies that 
consist of annual screening are often found to 
be less efficient and less cost-effective, due to 
a disproportionate increase in costs or due to 
diminishing returns; about 80% of the effect of 
annual screening is retained when screening is 
performed every 2 years.

Several studies have assessed the cost–effec-
tiveness of CBE, mass media awareness-raising 
campaigns, limited mammography screening, 
and increasing the coverage level of treatment in 
LMICs. However, evidence on the effectiveness 
of these approaches in these countries is still 
absent.

6.4 Other imaging techniques

6.4.1 Techniques

Ultrasonography is performed using hand-
held ultrasonography (also called two-dimen-
sional [2D] ultrasonography) or automated breast 
ultrasonography (also called three-dimensional 
[3D] ultrasonography). Since with handheld 
ultrasonography only a very small selection of 
images seen during acquisition is recorded for 
interpretation, image acquisition requires high 
diagnostic skills to minimize selection error. This 
problem may be eliminated by using automated 
breast ultrasonography, in which all images are 
recorded. Screening with ultrasonography has 
been used mostly as an adjunct to mammography 
in women with dense breasts. In addition, use 
of ultrasonography as a primary tool for breast 
cancer screening has been reported recently in 
China. Knowledge about quality assurance of 
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image acquisition or reading of breast ultra-
sonography is still limited.

Digital breast tomosynthesis, a three-dimen-
sional approach to digital mammography, is 
described in Section 6.3. 

Magnetic resonance imaging (MRI) without 
contrast agent and MRI spectroscopy have not 
been applied or validated for screening use, and 
their application is being tested for diagnostic 
use. Contrast-enhanced MRI has been evalu-
ated as an adjunct to mammography in studies 
of women at an increased risk (see Section 6.5). 
Potential side-effects of the magnetic field (in 
women with metallic devices) must be considered. 
Contrast-enhanced MRI screening also leads to 
risk of severe kidney disease and severe allergy. 
Costly equipment, false-positive test results, and 
the expensive assessment of MRI-only detected 
lesions result in high costs for this technique. 
No quality assurance programme has yet been 
established for MRI screening.

Positron emission tomography (PET) and 
positron emission mammography (PEM) involve 
intravenous application of radioactively marked 
[18F]-fluorodeoxyglucose to measure glucose 
metabolism, which is assumed to be higher in 
tumours. Other metabolites could be measured 
but have not been validated for clinical use. PET 
has a lower resolution and signal-to-noise ratio 
than PEM. No study has evaluated screening by 
PET or PEM. In the diagnostic situation, PEM 
has sensitivity and specificity comparable to 
those of MRI. Due to the slow clearance time of 
the radioactive marker from the body, PEM (like 
PET) is associated with a radiation dose to the 
whole body 16 times that for mammography.

Scintimammography measures the uptake 
of radioactively marked 99Tc-sestamibi, which 
binds to mitochondria. The density of mito-
chondria is assumed to be increased in tumours. 
A single study assessed the validity of scinti-
mammography for screening, but it included a 
high percentage of women at an increased risk 
of breast cancer. In that study, sensitivity and 

specificity were comparable to those of MRI. The 
radiation dose received for scintimammography 
and similar technologies is 9–20  times that for 
mammography.

Infrared spectroscopy measures spectral 
differences in the examined tissue, and the 
proportions of haemoglobin and deoxyhaemo-
globin have been suggested to differ between 
benign and malignant tissue. Thermography 
measures temperature distribution in the exam-
ined tissue, assuming that malignant tissue has 
a higher temperature. Electrical impedance 
imaging measures conductivity and imped-
ance, relying on the assumption that cancer cells 
have increased conductivity and thus decreased 
impedance. Initial clinical experience and/or 
attempts to use these methods for screening have 
generally yielded lower sensitivity and specificity 
than those of standard imaging technologies. 
None of these methods has been validated for 
screening.

Molecular imaging uses vectors that emit a 
fluoroscopic or scintigraphic signal attached to 
targeting agents, which might identify molecules 
within the cell membrane or cellular matrix of 
tumours. Development of such agents is in the 
preclinical stage.

6.4.2 Effectiveness in screening

(a) Ultrasonography

Nine observational studies (the majority 
retrospective) conducted in Austria, Italy, and 
the USA assessed ultrasonography as an adjunct 
to mammography for breast cancer screening 
in women with dense breast tissue and negative 
mammography. The incremental breast cancer 
detection rate ranged from 1.9 per 1000 screens to 
4.0 per 1000 screens. In one additional prospec-
tive study in China in women screened with 
mammography and ultrasonography without 
restriction to those with dense breasts, adjunct 
ultrasonography detected additional cancers in 
1 per 1000 screened women. However, none of 



Breast cancer screening

463

the studies had a comparison or control group, 
and some included women at an increased risk 
of developing breast cancer. Ultrasonography-
only detected cancers were frequently early-stage 
cancers, generally at a comparable or earlier stage 
than cancers detected by mammography. Two 
of these studies reported estimates of interval 
cancer rates of 1.1 per 1000 screens and 1.7 per 
1000 screens at 12 months of follow-up, but inter-
pretation of these estimates is limited due to the 
lack of a comparison group and to substantial 
heterogeneity in the underlying breast cancer 
incidence rates in study populations.

All available studies consistently showed that 
adjunct ultrasonography substantially increases 
rates of false-positive recall or testing. Five 
studies reported incremental rates of false-pos-
itive biopsy (mostly surgical biopsy) of between 
1.2% and 2.8%, and seven studies reported addi-
tional false-positive testing or follow-up in 1.7% 
to 7.5% of screens.

There were no observational studies assessing 
screening efficacy in terms of mortality reduc-
tion or assessing screening impact using surro-
gate end-points for screening efficacy.

(b) Digital breast tomosynthesis

In five non-randomized studies of digital 
mammography with tomosynthesis (also 
referred to as integrated 2D/3D mammography), 
two of which were prospective trials within 
population-based programmes, the incremental 
breast cancer detection rate relative to digital 
mammography ranged from 0.5 per 1000 screens 
to 2.7 per 1000 screens. Two of four observa-
tional studies reporting cancer stage distri-
bution showed that the incremental detection 
was of invasive tumours, whereas the other two 
studies showed incremental detection of in situ 
and invasive tumours. One observational study 
reported an estimated interval cancer rate of 0.8 
per 1000 screens at 12 months of follow-up, but 
interpretation of this estimate is limited due to 
the lack of a comparison group.

Digital mammography with tomosynthesis 
reduced rates of false-positive recalls in four 
informative observational studies, with absolute 
decreases in false-positive recalls ranging from 
0.8% to 3.6% of screened women, representing 
reductions of 15% to 36% in false-positive recalls.

Given the dual acquisition of images, digital 
mammography with tomosynthesis increases 
the radiation dose received by approximately 
doubling the mean glandular dose; however, this 
will depend on the exact technology used and 
the number of acquisitions. Based on one obser-
vational study, reconstruction of the 2D images 
from the tomosynthesis acquisition decreases the 
radiation dose by 45% compared with the dual 
acquisition and yields similar incremental cancer 
detection to that from the dual acquisition.

6.5 Screening of women at an 
increased risk

6.5.1 Women with a BRCA1/2 mutation

Fourteen prospective cohort studies of women 
with a BRCA1 or BRCA2 mutation assessed the 
screening performance of MRI plus mammog-
raphy performed in the same screening round, 
with a review of the diagnostic test performed. 
The sensitivity and specificity of mammography 
in this population of women were about 40% and 
95%, respectively; corresponding values for MRI 
plus mammography were about 95% and 80%, 
respectively, showing a clear increase in sensi-
tivity and decrease in specificity compared with 
mammography alone.

Four prospective cohort studies assessed 
reduction in breast cancer mortality in women 
with a BRCA1 or BRCA2 mutation screened with 
mammography. The studies reported varying 
results, from a 5-year all-cause survival of 63% 
in BRCA1 mutation carriers to a 6-year all-cause 
survival of 93% in BRCA1/2 mutation carriers. 
In the only study in which the breast cancer-spe-
cific survival of women with a BRCA1 mutation 
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screened annually with MRI plus mammography 
was compared with that in unscreened women 
with a BRCA1 mutation, a significant difference 
in 10-year breast cancer-specific survival was 
found (95.3% in the screened group vs 73.7% in 
the unscreened group).

6.5.2 Women with a high familial risk without 
a BRCA1/2 mutation

Two prospective cohort studies of women with 
a high familial risk without a BRCA1 or BRCA2 
mutation assessed the screening performance 
of MRI plus mammography performed in the 
same screening round, with a review of the diag-
nostic test performed. The reported estimates for 
the sensitivity and specificity of mammography 
were 25–46% and 95–97%, respectively; corre-
sponding values for adjunct MRI were 73–100% 
and 89–98%, respectively.

6.5.3 Women with a high familial risk with or 
without a BRCA1/2 mutation

One observational study with long-term 
follow-up reported a shift to a lower stage of the 
tumours detected in women with annual MRI 
and mammography screening compared with 
women without intensified screening.

In the 10 studies that evaluated the sensi-
tivity of ultrasonography in women with a high 
familial risk with or without a BRCA1 or BRCA2 
mutation, the sensitivity was comparable to 
or lower than that of mammography and was 
always lower than that of MRI. No study assessed 
the specificity of ultrasonography.

Seven prospective cohort studies assessed 
the incremental cancer detection rate of CBE in 
women with an increased familial risk screened 
with MRI plus mammography, with or without 
ultrasonography. None of the studies addressed 
the effect of CBE alone. Five of the studies did not 
detect any additional cancers; in the remaining 
two studies, which reported a lower screen 

detection rate, a total of 4 out of 243 cancers 
(1.6%) were found by CBE only.

6.5.4 Women with a personal history of 
breast cancer (invasive or in situ)

One large multicentre study assessed mam - 
mography screening in women with a personal 
history of breast cancer compared with those 
without such a history (58  870 screens in each 
group). The sensitivity and the specificity of 
mammography were significantly lower in 
women with a personal history of breast cancer 
compared with those without such a history.

One comparative study assessed the value of 
adding ultrasonography to annual mammog-
raphy in women with a personal history of breast 
cancer versus women with various types of risk 
factors for breast cancer. The incremental cancer 
detection rate was comparable between the two 
groups; when ultrasonography was added to 
mammography, the recall rate increased signif-
icantly, from 11.5% to 26.6%.

In a small substudy that assessed the value of 
adding MRI to annual mammography plus ultra-
sonography in women with a personal history of 
breast cancer versus those without such a history, 
the recall rate increased significantly, from 16.3% 
to 36.3%.

6.5.5 Women with lobular neoplasia or 
atypical proliferations

One large multicentre comparative study 
assessed mammography screening in women 
with lobular carcinoma in situ (LCIS) or atypical 
proliferations compared with women without 
such lesions (2505 and 12  525 screens, respec-
tively). The sensitivity of mammography in 
women with LCIS or atypical proliferations was 
not statistically significantly lower than that in 
matched controls; however, the specificity was 
lower. Four studies (two comparative and two 
non-comparative) evaluated a series of patients 
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to examine the sensitivity of MRI in screening 
women with LCIS or atypical hyperplasia. In the 
non-comparative studies, high sensitivities were 
reported for the MRI screening in women with 
LCIS. In the comparative studies, women with 
such lesions selected to undergo MRI screening 
were younger and had stronger family histories 
of breast cancer. In addition, MRI screening 
generated more recall biopsies compared with 
mammography.

6.6 Clinical breast examination

CBE is a simple technique involving visual 
inspection and systematic palpation of both 
breasts and nipples by a trained health-care 
provider. This technique has a moderate sensi-
tivity (range, 50–60%) and a specificity of more 
than 85%.

Three RCTs, two conducted in India and 
one in the Philippines, assessed the efficacy of 
CBE alone versus no screening. All three studies 
reported a significant shift to a lower stage of the 
tumours detected (early detection). Although 
the study in the Philippines was stopped after 
one round of screening, the two studies in India 
are currently under way and the effect of CBE 
on breast cancer mortality in these studies is 
awaited.

Two RCTs showed that CBE in combina-
tion with mammography reduced breast cancer 
mortality compared with no intervention in 
women older than 50 years. In the earlier study, 
conducted in 1963 in the USA, 67% of the tumours 
were detected by CBE and mammography, and 
45% were detected by CBE alone. In the other 
study, conducted in 1979 in the United Kingdom, 
74% of the tumours were detected by CBE and 
mammography, and 3% by CBE alone. In an RCT 
conducted in Canada, CBE plus mammography 
screening did not show a significant mortality 
benefit compared with CBE alone. In addition, 
five observational studies, conducted mostly in 
the 1970s, reported that CBE contributed 5–10% 

in incremental detection rate over and above 
mammography.

CBE is a low-cost intervention and thus a 
feasible screening modality in LMICs.

6.7 Breast self-examination

Several techniques for BSE have been 
described, with the number of steps ranging 
from 21 to 34. Women are unlikely to perform 
such elaborate techniques, and hence simpler 
techniques have been recommended. Structured 
training and individual instruction have been 
shown to improve compliance with BSE practice. 
Sensitivity, specificity, and positive predictive 
value of 58.3%, 87.4%, and 29.2%, respectively, 
have been reported for BSE. Breast cancer 
awareness, socioeconomic status, level of educa-
tion, and availability of privacy are the principal 
determinants of BSE practice.

Two RCTs of BSE have been conducted. 
A study in St Petersburg, Russian Federation, 
compared women who received intensive 
instruction in BSE and annual reinforcement 
sessions, plus annual CBE, with women who 
received only annual CBE. A study in Shanghai, 
China, compared women who received inten-
sive BSE instruction, periodic reminders, two 
reinforcement sessions 2 years and 4 years after 
initial instruction, and periodic practice sessions 
under the supervision of a medical worker, with 
women who received no BSE instruction or any 
other type of breast cancer screening. In both 
studies, after about 10 years of follow-up, there 
were no differences between the instruction and 
control arms in breast cancer mortality rates, 
in breast cancer incidence rates, in the size or 
stage of the breast cancers, or in survival rates 
in the cancer cases. In both RCTs, more benign 
lesions were detected in the instruction arms 
than in the control arms. In the St Petersburg 
trial, the frequency of BSE practice declined with 
time after initial instruction and after a re-ed-
ucation programme; in the Shanghai trial, no 
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information on compliance was collected. One 
possible explanation for the trial results is poor 
compliance. Both trials were conducted in popu-
lations with easy access to diagnostic and treat-
ment facilities, and the women in the control 
groups of both studies presented with relatively 
small tumours.

Two of three observational cohort studies 
showed reduced mortality from breast cancer 
in women who received BSE instruction, but the 
results are likely to be due to factors unrelated to 
BSE practice. Results of four case–control studies 
provided inconsistent results with regard to the 
relationship between the frequency of BSE prac-
tice and the risk of fatal or advanced breast cancer 
(as a surrogate for breast cancer death). However, 
two studies showed weak decreasing trends in the 
risk of fatal or advanced disease with increasing 
level of proficiency of BSE. In a study at Duke 
University, USA, women at moderate to high risk 
of breast cancer who received annual screening 
by mammography and MRI were given detailed 
BSE instruction in conjunction with CBE two or 
three times a year. All 12 interval cancers were 
detected in women who reported practising BSE 
competently and regularly, and 6 of the cancers 
were initially detected by BSE.

Surveys of BSE practice in the general popu-
lation in LMICs as well as surveys in women 
before and after receiving BSE instruction have 
generally shown that the percentages of women 
who report practising BSE are too low to be likely 
to have a meaningful impact on mortality from 
breast cancer.
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7.1 Mammography screening

7.1.1 Mammography screening: preventive 
effects

There is sufficient evidence that screening 
women aged 50–69  years by mammography 
reduces breast cancer mortality. This evaluation 
is supported by randomized controlled trials 
of efficacy of mammography screening and by 
observational studies of effectiveness of both 
invitation to and attendance at service mammog-
raphy screening. Women aged 50–69  years 
invited to service mammography screening have, 
on average, a 24% reduced risk of mortality from 
breast cancer. Women aged 50–69  years who 
attend service mammography screening have, on 
average, about a 40% reduced risk of mortality 
from breast cancer.

There is limited evidence that screening 
women aged 45–49  years by mammography 
reduces breast cancer mortality. There is limited 
evidence that screening women aged 40–44 years 
by mammography reduces breast cancer 
mortality. These evaluations are supported by 
observational studies of service mammography 
screening and are consistent with the one rele-
vant randomized controlled trial. Invitation or 
attendance of women aged 40–49 years to service 
mammography screening have been associated 
with a reduction of about 20% in risk of breast 
cancer mortality; this reduction may be greater 
in women aged 45–49  years (~32%) than in 
women aged 40–44 years (~17%).

There is sufficient evidence that screening 
women aged 70–74  years by mammography 
reduces breast cancer mortality. This evaluation 
is supported by observational studies of service 
mammography screening.

7.1.2 Mammography screening: adverse 
effects

There is sufficient evidence that mammog-
raphy screening of women aged 50–69  years 
detects breast cancers that would never have 
been diagnosed or never have caused harm if the 
women had not been screened (overdiagnosis). 
The percentage of overdiagnosis ranges from 
1% to 10% when estimated by comparing the 
cumulative incidence of breast cancer in women 
screened from age 50–69 years and followed up 
for about 10 years after the last screen with the 
cumulative incidence of breast cancer in similar 
but unscreened women over the same period of 
time.

There is sufficient evidence that the risk of 
radiation-induced cancer from mammography 
in women aged 50–74  years is substantially 
outweighed by the reduction in breast cancer 
mortality from mammography screening.

There is sufficient evidence that mammog-
raphy screening produces short-term negative 
psychological consequences when the result is 
false-positive.

7. EVALUATION
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7.1.3 Mammography screening:  
cost–effectiveness

There is sufficient evidence that mammog-
raphy screening has a net benefit for women aged 
50–69 years who are invited to attend organized 
mammography screening programmes.

There is sufficient evidence that mammog-
raphy screening can be cost-effective among 
women aged 50–69  years in countries with a 
high incidence of breast cancer.

There is limited evidence that breast cancer 
screening can be cost-effective in low- and 
middle-income countries.

7.2 Other imaging techniques

7.2.1 Breast ultrasonography

There is inadequate evidence that ultrasonog-
raphy as adjunct to screening by mammography 
in women with dense breasts and negative 
mammography reduces breast cancer mortality.

There is limited evidence that ultrasonog-
raphy as adjunct to screening by mammog-
raphy in women with dense breasts and negative 
mammography increases the detection rate of 
breast cancer.

There is inadequate evidence that ultrasonog-
raphy as adjunct to screening by mammography 
in women with dense breasts and negative 
mammography reduces the rate of interval 
cancers.

There is sufficient evidence that ultrasonog-
raphy as adjunct to screening by mammog-
raphy in women with dense breasts and negative 
mammography increases the rate of false-posi-
tive screening outcomes.

7.2.2 Digital breast tomosynthesis/ 
three-dimensional mammography

There is inadequate evidence that screening 
by digital mammography with tomosynthesis 
reduces breast cancer mortality compared with 
mammography alone.

There is sufficient evidence that screening 
by digital mammography with tomosynthesis 
increases detection rates of breast cancers 
compared with mammography alone.

There is limited evidence that the incremental 
detection from mammography with tomosyn-
thesis is mostly of invasive cancers.

There is limited evidence that screening by 
digital mammography with tomosynthesis 
reduces the rate of false-positive screening 
outcomes compared with mammography alone.

There is inadequate evidence that screening 
by digital mammography with tomosynthesis 
reduces the rate of interval cancers compared 
with mammography alone.

There is sufficient evidence that screening by 
digital mammography with tomosynthesis (from 
dual acquisition) increases the radiation dose 
received compared with that of mammography 
alone. Reconstructing the two-dimensional 
images from the tomosynthesis acquisition 
substantially reduces the radiation dose received 
compared with that of dual acquisition by 
mammography and tomosynthesis.

7.3 Screening of women at an 
increased risk

There is sufficient evidence that in women 
with a high familial risk and with a BRCA1/2 
mutation, magnetic resonance imaging (MRI) as 
adjunct to screening by mammography increases 
the sensitivity and decreases the specificity of 
screening.

There is limited evidence that in women 
with a high familial risk and without a known 
BRCA1/2 mutation, MRI as adjunct to screening 
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by mammography increases the sensitivity and 
decreases the specificity of screening.

There is inadequate evidence that in women 
with a BRCA1/2 mutation, MRI as adjunct to 
screening by mammography reduces breast 
cancer mortality.

There is sufficient evidence that in women 
with a high familial risk, with or without a 
BRCA1/2 mutation, screening with ultrasonog-
raphy alone yields sensitivity similar to or lower 
than that obtained with mammography alone, 
and lower than that obtained with MRI alone.

There is inadequate evidence that in women 
with a high familial risk screened with MRI 
and mammography, clinical breast examination 
detects additional cancers.

There is limited evidence that in women with 
a personal history of breast cancer, the sensitivity 
and the specificity of mammography are lower 
than those in women without such a history.

There is inadequate evidence that in women 
with a personal history of breast cancer, ultra-
sonography as adjunct to mammography detects 
additional cancers.

There is inadequate evidence that in women 
with a personal history of breast cancer, ultra-
sonography as adjunct to mammography 
increases the rate of false-positive screening 
outcomes compared with women without such 
a history.

There is inadequate evidence that in women 
with a personal history of breast cancer, MRI 
added to mammography plus ultrasonography 
increases the rate of false-positive screening 
outcomes compared with women without such 
a history.

There is limited evidence that in women with 
lobular neoplasia or atypical proliferations, the 
sensitivity of mammography is equal to and the 
specificity of mammography is lower than that in 
women without such lesions.

There is inadequate evidence that in women 
with lobular neoplasia or atypical proliferations, 

MRI as adjunct to mammography detects addi-
tional cancers.

There is limited evidence that in women with 
lobular neoplasia or atypical proliferations, MRI 
as adjunct to mammography increases the rate 
of false-positive screening outcomes compared 
with mammography alone.

7.4 Clinical breast examination

There is sufficient evidence that screening by 
clinical breast examination alone shifts the stage 
distribution of tumours detected towards a lower 
stage.

There is inadequate evidence that screening 
by clinical breast examination alone reduces 
breast cancer mortality.

7.5 Breast self-examination

There is inadequate evidence that teaching 
breast self-examination reduces breast cancer 
mortality.

There is inadequate evidence that teaching 
breast self-examination reduces the rate of 
interval cancers.

There is inadequate evidence that breast 
self-examination reduces breast cancer mortality 
in women who practise it competently and 
regularly.



A Working Group of 29 independent experts from 16 countries, convened by the 
International Agency for Research on Cancer (IARC) in November 2014, reviewed the 
scientific evidence and assessed the cancer-preventive and adverse effects of various 
methods of screening for breast cancer. This publication provides an important update 
of the landmark 2002 IARC Handbook on Breast Cancer Screening, in light of recent 
improvements in treatment outcomes for late-stage breast cancer and recent data 
on the effectiveness of organized screening programmes. The Working Group also 
considered non-mammographic imaging techniques, clinical breast examination, and 
breast self-examination.
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