
Breast cancer screening by mammography:

International evidence and the situation

in Switzerland

A joint publication of the Swiss Cancer League and Oncosuisse



2

Authors
Doris Schopper, Chris de Wolf

Scientific collaborator
Jean-Luc Bulliard 

Contributors
Béatrice Arzel, Brigitte Baschung, Monica Castiglione, Claude Jemelin, Jean-Pierre de Landtsheer, Fabio 

Levi, Jean-Michel Lutz, Rolf Marti, Nathalie Michelat, Pierre Pury, Kurt Schmidlin 

External reviewers
Lennarth Nyström (Sweden), Julietta Patnick (United Kingdom)

Publisher
Krebsliga Schweiz / Oncosuisse

Effingerstr.40

CH-3008 Bern

www.swisscancer.ch

Contact
Brigitte Baschung

Phone: +41 (0)31 389 91 56

brigitte.baschung@swisscancer.ch

Source of supply
Krebsliga Schweiz

Effingerstrasse 40

CH-3008 Bern

Phone: +41 (0)31 389 91 00

Fax: +41 (0)31 389 91 60

info@swisscancer.ch

www.swisscancer.ch

PDF
Download of the report “Breast cancer screening by mammography: International evidence and the situation in 

Switzerland“(pdf):

www.swisscancer.ch/stellungnahmen/mammografie

Edition
120 Copy

Date of publication
June 2007

© Swiss Cancer League



 3

Contents 

PREFACE                       5 

THE EVIDENCE PRESENTED IN THIS REPORT IN BRIEF 6 

CHAPTER 1: SETTING THE SCENE 8 
1.1.What is breast cancer screening by mammography? ..................................................................... 8 
1.2.What is the expected benefit of breast cancer screening by mammography?................................ 9 
1.3.Who should be offered a screening mammography? ..................................................................... 9 
1.4.How is a mammography screening programme organised? ........................................................ 11 
1.5.Who is responsible for the programme? ...................................................................................... 13 

CHAPTER 2: BREAST CANCER IN SWITZERLAND 14 
2.1.Incidence of breast cancer in Switzerland.................................................................................... 14 
2.2.Breast cancer mortality in Switzerland ........................................................................................ 16 
2.3.Causes of breast cancer ................................................................................................................ 18 
2.4.Biology and pathology of breast cancer....................................................................................... 19 

CHAPTER 3: WHAT IS THE EVIDENCE ON THE EFFICACY AND EFFECTIVENESS OF 
BREAST CANCER SCREENING BY MAMMOGRAPHY? 22 

3.1.The efficacy of screening for breast cancer ................................................................................. 22 
3.2.Are mammography screening programmes effective in reducing breast cancer mortality? ........ 24 
3.3.Further benefits of breast cancer screening programmes............................................................. 31 
3.4.Hazards of screening: false positive results, false negative results, overdiagnosis and 

radiation-induced breast cancer ................................................................................................... 32 

CHAPTER 4: STATUS OF BREAST CANCER SCREENING PROGRAMMES IN OTHER 
EUROPEAN COUNTRIES 39 

4.1.Access to and uptake of breast cancer screening in Europe......................................................... 39 
4.2.Regulatory, reimbursement and legal status in other European countries ................................... 45 

CHAPTER 5: THE EXPERIENCE OF BREAST CANCER SCREENING PROGRAMMES IN 
SWITZERLAND 47 

5.1.How well are existing screening programmes functioning? ........................................................ 47 
5.2.How effective are the screening programmes? ............................................................................ 51 
5.3.The economics of breast cancer screening in Switzerland........................................................... 55 
5.4.Lessons learned from implementing breast cancer screening programmes in Switzerland: the 

experience of Valais, Vaud, Geneva, Fribourg and Jura ............................................................. 58 



 4 

CHAPTER 6: POTENTIAL COST-EFFECTIVENESS OF BREAST CANCER SCREENING IN 
SWITZERLAND 61 

6.1.Methods........................................................................................................................................ 61 
6.2.Assumptions................................................................................................................................. 64 
6.3.Predicted effects of screening on breast cancer mortality............................................................ 66 
6.4.Predicted cost-effectiveness of breast cancer screening .............................................................. 68 

CHAPTER 7: EXPANDING MAMMOGRAPHY SCREENING IN SWITZERLAND – IMPORTANT 
ISSUES TO CONSIDER 71 

7.1.Addressing the access gap for women age 50 and above to organised, quality-controlled 
screening mammography............................................................................................................. 71 

7.2.Can high-quality organised screening programmes be implemented across Switzerland?.......... 72 
7.3.Financing options......................................................................................................................... 75 
7.4.Information of women ................................................................................................................. 77 
7.5.Estimated uptake of breast cancer screening ............................................................................... 78 
7.6.A national coordinating and supervising body is needed............................................................. 83 

ANNEX. EFFICACY OF BREAST CANCER SCREENING BY MAMMOGRAPHY: 
SCIENTIFIC EVIDENCE 84 

 



 5

Preface 

In February 1997 a request was submitted by the Swiss Cancer League (Schweizerische 
Krebsliga) to the Federal Office of Social Insurance (Bundesamt für Sozialversicherungen, 
BSV) to include screening mammography in the basic health insurance coverage. This 
request was accepted and screening mammography was introduced in the health insurance 
regulation (Krankenleistungsverordnung, KLV) as of December 1997 for a limited period 
of ten years. In 2000, the Federal government decided furthermore to exempt screening 
mammography from the franchise.  

In July 2007 Oncosuisse and the Swiss Cancer league submitted a new request asking for 
a continued inclusion of mammography screening in the basic health insurance coverage, 
under the same conditions as previously and without time limit. This report is a slightly 
shortened version of the request submitted to the Federal Office of Public Health (BAG / 
OFSP). It summarizes the current evidence and should allow decision makers, health 
authorities, public health professionals and others to determine whether and how 
organized breast cancer screening should be continued and expanded in Switzerland.  

The document starts with a summary of the evidence. The evidence is then presented in 
detail in seven chapters. Chapter 1 sets the scene by describing mammography screening. 
Chapter 2 reviews the epidemiological situation with particular reference to Switzerland 
and what we know today about the biology of breast cancer and its treatment. Chapters 3 
and 4 present the international experience. Evidence on the efficacy and effectiveness of 
mammography screening in reducing breast cancer mortality is reviewed in chapter 3. It 
also includes a section on the hazards of screening. The international overview is 
completed in Chapter 4 by a brief description of the current status of breast cancer 
screening programmes in Europe. Chapters 5, 6 and 7 are devoted to the experience with 
breast cancer screening in Switzerland and what it may mean for the future. Chapter 5 
describes the experience of existing mammography screening programmes in the French 
speaking cantons, comparing it to the European recommendations. Chapter 6 presents 
summary results of a cost-effectiveness analysis of breast cancer screening. The costs and 
potential impact on breast cancer mortality of various combinations of organised and 
opportunistic mammography screening are explored. Chapter 7 then discusses important 
issues to consider if mammography screening is to be made available to more women in 
Switzerland. This includes resources required, financing options, information of women, 
quality control, and the estimated uptake of breast cancer screening. 

We hope that the wealth of information provided in this document will not discourage the 
reader by its volume, but rather allow each person to focus on those aspects of 
mammography screening least familiar to them. This is the first time to our knowledge 
that an overview of the current situation in Switzerland based on all available data is 
presented. Supported by additional evidence on the effectiveness of longer standing 
programmes in other countries, we trust that this report provides a solid base for 
discussion of the future of mammography screening in Switzerland.  
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The evidence presented in this report in brief 

C
hapter 2 

In Switzerland about one woman in ten will suffer from breast cancer in her life-time. Over 1’350 
women die of breast cancer every year. It is the most common cause of cancer death for women, 
and accounts for the highest number of potential years of life lost from any disease. In the age 
group 50-70, where the incidence is highest, about 10% of all deaths are due to breast cancer 
leading to 8’000 potential life years lost every year.  

A number of risk factors for breast cancer are known. Few of them relate to life style, but most are 
not under the direct control of women (age, sex, genetic predisposition, hormone and reproductive 
factors). Therefore, the role of primary prevention is limited in reducing breast cancer incidence 
and mortality. New therapeutic approaches have improved survival of breast cancer patients in the 
past decades, in particular if the cancer is detected at an early stage. But even with improvements in 
therapy, breast cancer remains a potentially deadly condition. Early detection is currently the best 
option to reduce the impact of the disease. 

C
hapter 3 

It is uncontested that population-based breast cancer screening reduces breast cancer mortality in 
women over age 50. The first evidence came from randomised controlled trials carried out between 
the 1960s and 80s, showing a trend of reduction in breast cancer mortality among women over age 
fifty. Various meta-analyses showed that this reduction lies in a range of 15% to 30%. Randomized 
controlled trials of breast cancer screening have shortcomings, many of which are inherent in the 
conduct of large population-based studies with long-term intervention and follow-up. The 
shortcomings could have led to an over- as well as an underestimation of the effect on breast cancer 
mortality. Fortunately we now have evidence of the impact of long-standing breast cancer 
screening programmes (Australia, Canada, Denmark, Finland, the Netherlands, Sweden and the 
United Kingdom) on breast cancer mortality. The decrease observed is similar to the reduction 
measured in the randomized controlled trials. Its magnitude depends on the evaluation design; the 
length of the intervention; participation rates achieved; and, estimated contribution of adjuvant 
therapy to prolonged survival. This, however, does not yet represent the maximum cumulative 
effect that occurs 25 years after onset of a screening programme. Beyond a decrease in breast 
cancer mortality, early detection also leads to an increase of quality of life due to less invasive 
treatments (tumorectomy versus mastectomy, less aggressive adjuvant therapy). 

False-positive screening results and overdiagnosis of breast cancer are harmful and inevitable 
consequences of screening. At the population level these harms should be largely outweighed by 
the benefits of screening. Findings from the randomized controlled trials as well as longstanding 
screening programmes indicate that this is the case. Further studies have shown that the risk of 
overdiagnosis is modest, considering that it is not possible at the moment to distinguish which 
cancer will progress to invasive and metastatic disease and which will not do so. The potential risk 
of radiation-induced breast cancer due to screening exists, but is minimal. 

C
hapter 4 

Eighteen western European countries have meanwhile established nationally or regionally 
organized breast cancer screening programmes, reaching overall more than 75% of the target 
group. Most programmes focus on screening women aged 50-69. All programmes invite women in 
this age group to have a mammography every second year, with the exception of the UK (invitation 
every third year). The proportion of eligible women being effectively screened in organized breast 
cancer screening programmes varies. Most programmes have intermediate to high participation 
rates (50% to more than 80%). In a majority of countries the costs of the screening are totally 
covered by health insurance, with no extra funding needed and no co-payment by women. 
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Access to screening mammography is currently highly variable within Switzerland. In the five 
existing mammography screening programmes (FR, GE, JU/NE, VD and VS) women aged 50 to 
70 are invited every second year for a screening mammography. In the other cantons, women may 
be referred by their general practitioner or gynaecologist for a screening mammography that will 
often be labelled “diagnostic” to ensure reimbursement by the basic health insurance. This leads to 
inequitable access across cantons and within cantons. 

The implementation of organized screening programmes in several Swiss cantons has shown that it 
is possible to reach European standards in terms of performance. Stage shifting has occurred thus 
providing a first indication of the impact these programmes may have on breast cancer mortality in 
the long run. The main constraints identified are a relatively low participation rate in some cantons, 
mostly linked to persistent opportunistic screening; a relatively low reading volume of second 
reader radiologists; the absence of a unified tariff and reimbursement scheme; and, the total lack of 
national guidance. 

Opportunistic screening is more expensive than organized screening, its quality is not controlled 
(no double reading of the mammography, no evaluation of the impact) and it leads to more 
additional examinations (ultrasound, biopsies) than organised screening. It also requires a higher 
financial contribution by women, as it is not exempted from the franchise and always subjected to a 
10% co-payment.  

C
hapter 5 and 7 

To assess the potential effects and costs of organised and opportunistic mammography screening, 
several hypothetical scenarios that may represent breast cancer screening in Switzerland were 
examined with the micro-simulation programme ‘MISCAN’. The analysis showed that 
mammography screening is an effective way to reduce breast cancer mortality. A mortality 
reduction of around 20% was achieved in the 50-79 years old age group by an 80% participation in 
either biennial organized mammography screening, biennial opportunistic screening or a mix of 
both.  

However, the lowest cost per life year gained is obtained with organised biennial mammography 
screening only (21’833 CHF), which is twice as cost-effective as opportunistic screening (46’611 
CHF). By far the most costly scenario is 40% of women undergoing biennial organised screening 
and a further 40% having annual opportunistic screening (50’059 CHF per life year gained), which 
may actually be the situation in some Swiss cantons. The relatively high costs of opportunistic 
screening and associated diagnostics thus result in a substantially less favourable cost-effectiveness 
ratio of opportunistic screening compared with organised mammography screening. 

C
hapter 6 

Based on this evidence, the following is recommended:  

 All women age 50 and above living in Switzerland should have access to organised, quality-
controlled screening mammography. 

 All breast cancer screening programmes should fulfil the same quality criteria.  

 Funding for breast cancer screening programmes should be secured and be similar across 
cantons.  

Furthermore, to implement high quality organised breast cancer screening in Switzerland, it is 
necessary to ensure appropriate information of women; to address existing organisational and 
structural constraints; to devise mechanisms to reduce opportunistic screening; and, to designate a 
national coordinating and supervising body. 

R
ecom

m
endations 
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Chapter 1: Setting the scene  

1.1. What is breast cancer screening by mammography?  

Breast cancer screening is the systematic application of a mammography to a defined age 
group (50 years and above) of women in a defined population. It is based on the principle 
that detection of early disease, followed by effective treatment, will lead to a better 
prognosis and improved chances of survival. Currently mammography is the only 
accepted screening technique for the early detection of breast cancer. Screening with 
mammography does not prevent the occurrence of breast cancer, but is the best technique 
currently available to detect breast cancer at a very early stage in an average risk 
population. 

SOME DEFINITIONS 
Screening mammography is a public health service proposed to all women from age 50. It is a 
standardised service with two main components: 
 a standard questionnaire collecting socio-demographic, epidemiological and medical 

information about the woman; 
 a two-view radiography of the breasts done according to predefined criteria  

A dedicated X-ray machine is used for breast cancer screening. The same device is used for 
diagnostic mammography. These mammography devices are either analogue using 
photographic films, or digital capturing the image with an electronic device. These devices are 
generally installed in radiological institutes/services. The interpretation of the mammography is 
done according to a predefined protocol, including an independent blind reading by two 
radiologists. In case of disagreement, a third radiologist examines the mammography and takes 
a final decision, considering the first two interpretations. A screening mammography does 
never allow making a diagnosis. Its aim is to divide a population of asymptomatic women into 
two groups: those who have no suspect lesions and those who have lesions that may be 
malignant and need further investigation. 
Diagnostic mammography is a medical service for women consulting with symptoms related 
to their breasts. This implies a medical consultation (history and clinical examination), a 
mammography, an ultrasound and frequently a biopsy. The procedure is not standardised and 
there is no defined quality control.  
Diagnostic mammography is often used for screening purposes. This is called opportunistic 
screening. The percentage of additional tests is significantly higher in the case of opportunistic 
screening than if screening is done within an organized programme (with double-blind 
readings).  A study in the canton of Vaud showed that in 8.8% of mammographies that were 
read once, complementary examinations were required. In case of double (and if necessary, 
triple) reading, this percentage decreased to 5.0%.i  

                                                 
i Jean-Pierre de Landstheer. Evaluation de l’impact financier d’un programme organisé de dépistage du 
cancer du sein par mammographie. Programme vaudois de dépistage du cancer du sein. Octobre 2003. 
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1.2. What is the expected benefit of breast cancer screening by 
mammography?  

The main benefit is an earlier detection of malignant breast tumours, which means 
detecting cancers at an earlier stage and of smaller size (stage shifting). Breast cancers are 
classified in four stages (I-IV) depending on invasion, size, lymph node involvement and 
metastases. The change in distribution of these four stages is called stage shifting. 

Detecting and treating breast cancers at an early stage have several benefits. The surgical 
treatment will be less mutilating, the medical treatment less drastic. The probability that 
metastases will occur is reduced. This leads to better prognosis and longer survival. The 
secondary benefits thus are a significant reduction of breast cancer mortality and enhanced 
quality of life for women diagnosed with breast cancer. 

The relationship between early detection, tumour size and treatment outcomes is described 
in Chapter 2.4. The impact of earlier detection on breast cancer mortality and the 
effectiveness of mammography screening programmes are reviewed in Chapter 3. 

1.3. Who should be offered a screening mammography? 

All women from age 50 should be offered a screening mammography every second year. 
These women should not be considered “patients”, but healthy persons using a test to 
detect cancer. 

Why from age 50? The most convincing evidence from randomized controlled trials on 
the benefit of screening was for women aged 50-69 at entry to the trial (see chapter 3). 
Fewer results are available for women age 70 and above. With further results and 
increased follow-up benefit for elderly women becomes apparent. However, after age 75 
other competitive mortality causes like cardiovascular disease are also more frequent, thus 
off-setting the potential benefits of breast cancer screening. For this reason, most 
screening programmes now target women 50-69, allowing women beyond this age range 
to continue screening if desired and if no major co-morbidity exists. This is current 
practice in the screening programmes in Switzerland. 

What about women aged 40 to 49? In addition to the initial randomized controlled trials, 
there is more recent evidence that breast cancer screening in this age group reduces breast 
cancer mortality.1 However, screening in this age group is less cost-effective as the 
incidence of breast cancer is lower. In addition, the screening interval needs to be shorter 
(12-18 months) as higher breast density, which is common in pre-menopausal women, 
reduces mammographic sensitivity. 

Why every two years? Most of the randomized controlled trials involved a 1- or 2-year 
screening interval. Most countries have opted for a 2-yearly screening interval as this 
seemed the most cost-effective approach.2 This was corroborated by a cost-effectiveness 
analysis carried out in the Netherlands in 1990. Four alternatives in the age group 50-70 
were examined (interval of 4, 2, 1⅓ and 1 years corresponding respectively to 5, 10, 15 or 
20 invitations). Extending the screening period up to age 75 and starting screening at age 
40 were also explored.3  Two important conclusions of the analysis are that extending 
screening from 69 to 75 years of age is more cost-effective than extending the programme 
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to younger age groups; and that the marginal cost of preventing more life-years with a 
shorter screening interval than 2 years is very high (see table 1.1).  

Table 1.1 Predicted mortality effects and cost-effectiveness indices for breast 
cancer screening in the Netherlands, 1988-2015 

 Screening interval 

 4 year 2 year 1⅓ year 1 year  

Deaths prevented 2’700 4’100 4’800 5’400 

Life-years gained 28’400 43’800 51’500 57’500 

Cost per death prevented (US $) 42’050 50’300 58’100 73’140 

Marginal cost per life-year gained 
(US $) 

4’050 6’050 12’900 14’800 

N.B.  Study carried out in 1990 for the Dutch breast cancer screening programme. 

The effectiveness of a 2-year screening interval was compared to the effectiveness of a 1-
year interval in a more recent study in the United States using the proportion of women 
diagnosed with late-stage breast cancer as a reverse measure of effectiveness.4 No increase 
in late stage disease was found for women more than 50 years old with a 2-year versus a 
1-year screening interval. 

Should women with special conditions be excluded from organised screening? In 
Switzerland, gynaecologists and radiologists have agreed that women with the following 
conditions may need closer medical follow-up outside a mammography screening 
programme.  

 first-degree family history of breast cancer (mother, sister or daughter with breast 
cancer before age 50)ii 

 previous breast cancer  
 breast implant 
 previous breast biopsy indicating lesions with malignant potential  

This may concern 5-10% of the target population. In some countries with regional or 
national breast cancer screening programmes, similar criteria are applied to exclude 
women from the programme. In other countries all women in the relevant age group are 
invited for a screening mammography regardless of particular risk factors.  

Long-term hormone replacement therapy is a known risk factor for breast cancer and may 
also increase breast density. It is well known that dense breasts reduce the sensitivity of 
screening mammography. This effect is increased when combined with hormone 
replacement therapy.5 Information on hormone use should thus be collected at the time of 
screening, but is no reason for exclusion. 

                                                 
ii Art.12 o.1. of the health insurance law gives the right to women who have a first degree relative who 
suffered from breast cancer before age 50 (mother, daughter or sister) to have a yearly diagnostic 
mammography without lower or upper age limit.  
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1.4. How is a mammography screening programme organised? 

The main elements of a screening programme are the fact that all eligible women are 
invited to participate at no or minimal cost, that the quality of the procedure is controlled 
and that the programme’s effectiveness is regularly evaluated. 

Accessibility 
The screening programme invites all eligible women to participate in the screening 
service. The invitation list may be based on cantonal population registers or a specially 
established screening register encompassing all communes in the canton.  

The invitation letter informs the women of the voluntary nature of the screening. There is 
no obligation to participate. 

The women also receive an information booklet explaining the pros and cons of 
mammography screening. This booklet contains the state of the art information following 
the latest edition of the EU guidelines on how women should be informed. All five 
existing screening programmes use the same booklet. Reference is made in the booklet to 
the extensive brochure on mammography issued by the Swiss cancer league.iii 

There are no social economic exclusions as all eligible women are invited and the service 
is exempted from the franchise and free except for the 10% co-payment. 

The mammography images are taken in existing radiological practices which are 
geographically spread. 

Quality assurance and control 
The quality of the mammography screening is ensured and controlled according to the 
European Guidelines. These requirements are laid down in the „Verordnung über die 
Qualitätssicherung bei Programmen zur Früherkennung von Brustkrebs durch 
Mammographie (SR 832.102.4)“.  

All participating radiologists and radiology institutes commit themselves to comply with 
the programme quality requirements.  

The service process is fully transparent. Its public health nature allows a monitoring of the 
service delivered. 

The quality of the final result is a team responsibility. In this respect, screening provides 
incentives for a multidisciplinary team approach.  

Evaluation 
The screening programme will systematically collect the data on screening outcome and 
follow up of screened women. 

The programme must collaborate with population and cancer registries for programme 
evaluation. There is a feedback loop to the population register if data are incorrect. 

                                                 
iii   The brochure can be found under the following link: 
http://www.swisscancer.ch/fileadmin/swisscancer/praevention/files/Brochure_Le_d_pistage_du_cancer_du_
sein.pdf    
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The evaluation reference and endpoint parameters are specified according to the European 
guidelines. 

 

Figure 1.1  The components of the screening pathway and their relationship 
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1.5. Who is responsible for the programme? 

Mammography screening is a public health strategy for the early detection of breast 
cancer. The responsibility for such a public health programme has ultimately to be born by 
the political decision makers. The Cantonal Directors of Public Health thus have to take 
the initiative to launch and support breast cancer screening programmes.  In general, they 
place the realization of these programmes in the hands of private institutions within the 
framework of a public mandate (breast cancer screening centres). The direction of public 
healthiv also has to ensure the screening program’s evaluation.  In order to allow less 
populated cantons to set up such programs, intercantonal cooperation is necessary. 

The breast cancer screening centres are responsible for inviting eligible women, a good 
day-to-day functioning of the screening procedure, for 2nd and 3rd reading of 
mammographies, and for quality assurance of the programme. Radiologists are 
responsible for implementing the screening tests with the best possible quality.  

Primary care physicians, as well as many physician specialists are called upon to provide 
complete, objective and easily accessible information on breast cancer screening to their 
patients and help them in making the best possible decision. Physicians should also 
cooperate with breast cancer screening centres in providing information about the follow-
up of screen-positive cases. 

The professional associations of physicians (and of other professionals involved in 
screening programmes such as radiology technicians, medical secretaries etc.) are 
responsible for the continued education and the ongoing training of their members in 
matters of cancer screening.   

The Swiss Cancer League and the cantonal cancer leagues contribute to informing the 
population by publishing and distributing booklets or by their participation in the 
development of booklets which are made available to patients, for example, at their 
physician’s office. 

Finally, the effectiveness of breast cancer screening also depends on investigations and 
treatment for those women whose mammography detects a suspicious lesion. Many 
medical specialists are involved in the follow-up: pathology, gynaecology, surgery, 
oncology, radiotherapy, internal medicine, family medicine. It is the responsibility of the 
specialities concerned to provide guidelines and training. It is the joint responsibility of 
the specialists in each canton to organise the follow-up of women suspected to have breast 
cancer and treatment of patients in the most efficient way. 

In a screening programme, some activities must be assured at the cantonal or intercantonal 
level (invitation of targeted groups, integration of physician specialists, evaluation, 
population information, etc.). Other activities are more efficiently carried out at the 
regional or national levels. A national institution should coordinate these activities and 
assume a part of them (see also chapter 7.6).  

 

 

                                                 
iv In German : Gesundheitsdirektion. In French : Département de la Santé 



 14 

Chapter 2: Breast cancer in Switzerland 

Breast cancer is the most frequent malignant neoplasm in women accounting for more 
than a quarter of all female cancers in high-income countries.6 For European women the 
life-time risk of developing breast cancer is 1 in 10v.  

2.1. Incidence of breast cancer in Switzerland 

In Switzerland about 5300 new cases were diagnosed each year (estimated incidence) in 
the period 2001-2004. vi  Incidence has increased steadily since 1985 particularly in 
women age 50-69 (Figure 2.1).   

 
The increase has been found in all regions of Switzerland with a steeper increase in the 
Latin part of the country (Figure 2.2). The overall increase in age group 50-69 may be at 
least partly attributed to hormone replacement therapy. The steeper increase in the Latin 
part is most probably due to the wider availability and use of mammography screening. 

                                                 
v From ”Breast cancer facts. The European parliamentary group on breast cancer”, 
www.epgbc.org/BreatsCancerFact.asp (accessed October 2006) 
vi If not otherwise indicated, data on breast cancer in Switzerland are based on the statistics of the Swiss 
Association of Cancer Registries (ASRT/VSKR) www.asrt.ch  In 2005, Swiss cancer registries covered 
about 56% of the population. 

Figure 2.1 Time trends in breast cancer incidence by age group, 1985-2004
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As can be seen in Figure 2.3 the highest incidence is around age 60 with the most 
pronounced recent increase in incidence in the age group 55-65. 

Figure 2.3 Age-specific breast cancer incidence 1997-2000 and 2001-2003
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Figure 2.2 Trends in breast cancer incidence by language region, 1985-2004
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2.2. Breast cancer mortality in Switzerland 

Breast cancer is the most common cause of cancer death for women in Switzerland. 1’379 
women died of breast cancer in 2004, accounting for 7’913 potential lost life years. No 
other single disease comes close to this number except if suicide is called a disease. As 
shown in Figure 2.4, mortality rates have been decreasing between 1985 and 2004 in all 
age groups with a stronger decline in elder women. 

 

A similar trend has been observed more generally in Europe with a decrease in breast 
cancer mortality in most European countries in the decade 1990-2000.7 However, in 
Switzerland, this decline is not uniform. A comparison of breast cancer mortality trends 
between 1980 and 2002 in two French- and two German-speaking cantons shows 
considerable differences (figure 2.5).8 Expressed in numbers of death, this difference 
amounts to an excess of about 350 deaths in women aged 55-74 in the two cantons of 
Basel and Zurich between 1991 and 2002 (about 30 deaths per year) as compared to Vaud 
and Geneva. 

A previous study examined 5-year breast cancer survival rates across seven cancer 
registries comparing the two periods 1988-1992 and 1993-1997.9 Survival was lowest in 
rural parts of German-speaking Switzerland and highest in urbanised regions of the Latin- 
and German-speaking north-western parts of the country (Figure 2.6). This predates wide-
spread use of mammography screening and may point more to differences in access to and 
quality of care, than early detection.  

Figure 2.4 Time trends in breast cancer mortality by age group, 1985-2004
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Figure 2.5  Comparison of breast cancer mortality trend among women aged 55-
74 in the combined Vaud and Geneva cantons and Basel and Zurich 
cantons, 1980-2002 

 

 

Figure 2.6   Observed survival after breast cancer in women 
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In addition to these geographical disparities, a further study found social class to be an 
important prognostic factor of breast cancer mortality in the canton of Geneva.10 Among 
women diagnosed with invasive breast cancer before the age of 70 years between 1980 
and 2000, those of low social class had a significantly higher risk of dying from their 
cancer than those of a high social class.   

Comparing the situation in Switzerland to other countries incidence as well as death rates 
are in the middle range (figure 2.7)11. 

Figure 2.7  Estimated age standardised incidence & mortality breast cancer rates 2006 
(Source IARC 2007)
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2.3. Causes of breast cancer 

The exact causes of breast cancer are not known. Certain known risk factors are outside 
the control of the woman, such as age (nearly 8 out of 10 breast cancers are found in 
women over age 50), early menarche and late menopause, genetic factors (about 5% to 
10% of breast cancers are linked to mutations in certain genes, e.g. BRCA1 and BRCA2 
genes), family history (having a mother, sister, or daughter with breast cancer about 
doubles risk), a previous breast cancer, and earlier radiation treatment to the chest area for 
another cancer. Other known risk factors on which women have some influence are not 
having children or having the first child after age 30, longstanding postmenopausal 
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hormone therapy, alcohol consumption, lack of exercise, obesity and high-fat diets. Some 
risk factors remain controversial such as smoking and environmental pollutants 
(pesticides, PCBs)vii. This long list of known and potential risk factors mainly shows that 
the role of primary prevention in reducing breast cancer incidence and mortality is limited. 
Secondary prevention is thus all the more important. 

2.4. Biology and pathology of breast cancer 

Breast cancer is a heterogeneous group of diseases with more than one natural history. It 
may not be true that all cancers progress from atypia to carcinoma in situ, to invasive 
cancer and metastasis. As screening mammography detects early abnormalities, it has 
become increasingly important to know more about the risk of progression of the various 
types of lesions identified. A good summary of the biology of breast cancer and prognostic 
factors can be found in the IARC Handbook.6 A very brief overview is provided below to 
ease the understanding of terms used further on in this report. 

THE DIFFERENT TYPES OF BREAST CANCER 

Very broadly speaking there are three categories of breast abnormalities: benign 
conditions, in-situ cancers and invasive cancers. Benign conditions increase breast cancer 
risk 1-5 times depending on the degree of epithelial proliferation and atypia. In-situ 
lesions are lobular or ductal. Lobular carcinoma in-situ is associated with an increased 
risk for breast cancer but is usually an incidental finding and is not generally detected by 
mammography. The natural history of ductal carcinoma in situ is not well known. 
However high-grade lesions (poorly differentiated cytonuclear lesions) appear to be more 
aggressive with a higher rate of recurrence after breast-conserving surgery. Low-grade 
ductal carcinoma (well-differentiated) is associated with low-grade invasive cancer, 
usually with a good prognosis. Invasive cancers penetrate the basement membrane of the 
epithelial site of origin (duct or lobule) and are mostly adenocarcinomas. The 
morphological appearance of these tumours varies widely, determining prognosis and 
treatment approaches. 

Ductal carcinoma in situ (DCIS) plays an important role in the debate on effectiveness of 
organised breast cancer screening by mammography because it is encountered much more 
frequently (up to 20%) in breast cancers detected by screening than in clinically detected 
breast cancers (3-5%). These high percentages of DCIS among screen-detected breast 
cancers have led to various interpretations. Some authors are of the opinion that this 
mainly represents overdiagnosis as DCIS does not progress to invasive cancer and thus 
causes harm (unnecessary treatment). For other experts, DCIS represents a large number 
of invasive cancers avoided and thus is the ideal target for early detection. A recent review 
of data on the frequency and rate of progression of DCIS comes to the conclusion that 
DCIS of all grades has the potential to progress, though high-grade lesions progress more 
rapidly than lower grade lesions and are more likely to lead to metastatic disease and 
death.12 The challenge thus is to accurately identify which low-grade lesions are likely to 
progress and to provide the most appropriate treatment avoiding over-treatment.  

                                                 
vii American Cancer Society (accessed 24 January 2007). 
http://www.cancer.org/docroot/CRI/content/CRI_2_2_2X_What_causes_breast_cancer_5.asp?sitearea  



 20 

PROGNOSTIC FACTORS 

Prognosis depends on many factors, including histological type, tumour size, loco-regional 
lymph node involvement and metastasis in other organs (liver, bone marrow, lungs, brain), 
as well as molecular markers. Tumor size is one of the most powerful prognostic factors 
for overall as well as recurrence free survival. Tumor size shows a positive relationship to 
frequency of axillary lymph node metastasis. In some studies axillary lymph nodes were 
tumor free in all patients with tumors ≤0.5 cm. This correlation between size and axillary 
lymph node status suggests some additive prognostic effect of the two parameters.  

Presence or absence of axillary lymph node involvement is the most powerful single and 
independent prognostic factor in breast cancer patients. Only 20 to 30 % of lymph node 
negative patients will develop recurrences within ten years compared to about 70% of 
patients with positive axillary lymph nodes. Number and level of axillary lymph node 
metastasis predict overall survival and disease free survival. Regarding the number of 
involved lymph nodes, patients with more than four involved lymph nodes are 
demonstrated to be of significantly high risk of recurrences. 

TREATMENT OF BREAST CANCER 

Treatment approaches have changed in many ways since the introduction of breast cancer 
screening in the 1960s. Whereas radical mastectomy was then the predominant form of 
therapy irrespective of tumour characteristics, at present breast conserving techniques with 
radiation therapy, adjuvant chemotherapy and hormonal treatments are combined in 
various ways and tailored to the patient and tumour characteristics. 

Surgery 
Breast conserving surgery (followed by radiation therapy of the breast) has become the 
routine procedure for the initial treatment of breast cancer. In general only patients with 
small tumours (< 3cm) are candidates for this type of approach, for patients with larger 
cancers pre-operative systemic therapy is generally the option of choice in order to reduce 
the tumour size and allow breast conservation thereafter. In addition, patients with 
clinically node-negative (N0) disease are candidates for the sentinel lymph node procedure 
which avoids axillary clearance and related morbidity such as lymphoedema of the arm, 
reduction of the mobility of the arm and chronic pain. 

Systemic treatments 
Systemic therapies have experienced an evolution during the last years with the change 
from “the maximal therapy for all” to more targeted approaches which allow avoiding 
unnecessary short and long-term toxicities to patients. In general one can say that for more 
advanced cases the initial treatment is more extensive (surgery), carries more toxic effects 
(chemotherapy) and is generally much more expensive than for patients with less 
advanced disease at diagnosis. For example patients with smaller tumours (< T2), without 
axillary node involvement are candidates for endocrine therapies alone, avoiding the 
burden of toxic side effects and the costs of chemotherapy. 

Patients treated with chemotherapy have in general a longer time to resumption of work 
than patients treated with endocrine therapy alone. The short term side effects of 
chemotherapy are, for example, alopecia, with the need of wigs; nausea and vomiting with 
the need of corresponding anti-emetic therapies; haematological disturbances with the 
need of medication with growth-factors and the danger of infections (with all related 
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complications from the need for antibiotics up to the need for hospitalization); stomatitis 
with the need for medication or intravenous nutrition. In the long-term chemotherapy may 
induce heart failure, secondary tumours, impairment of fertility and other complications. 

Radiation therapy 
Radiation therapy applied to the whole breast area is generally used after breast 
conserving surgery. There are experimental attempts aiming at reducing the extent of 
radiation therapy first with the application of a single course during the operation of the 
primary tumour and secondly reducing the extent of radiation therapy to the affected 
breast. This new approach reducing length of therapy and costs is obviously only possible 
in early stages. 

Treatment of early breast cancer 
Since 1978 the St Gallen conferences have focused on developing consensus opinions for 
the management of early breast cancer and these are now recognised as the leading 
European treatment guidelines for the disease. The most recent guidelines were adopted at 
the 9th Conference on Primary Therapy of Early Breast Cancer in St Gallen, Switzerland 
in January 2005. Despite the consensus conferences taking place in Switzerland, there 
probably is wide variation in treatment approaches across the country. As there is no 
national and very little cantonal data collection on breast cancer treatment and outcomes, 
regional differences cannot be documented. 

 

IN CONCLUSION 

Breast cancer remains the most common cause of cancer death for women in Switzerland, 
despite decreasing mortality rates since 1985. During the same period the incidence of 
breast cancer has increased, probably partly due to the introduction of mammography 
screening. Breast cancer mortality trends and survival rates differ by canton, pointing to 
differences in access to and quality of care.  

Some of the risk factors for breast cancer are known. Few of them relate to life style and 
are under the direct control of women. Overall the role of primary prevention is limited in 
reducing breast cancer incidence and mortality. 

Tumour size and the presence or absence of axillary lymph node involvement are the two 
most powerful prognostic factors. Not only will treatment be more effective if the cancer 
is detected at an early stage, but it will also be less mutilating.  

New therapeutic approaches have improved survival of breast cancer patients in the past 
decades, in particular if the cancer is detected at an early stage. But even with 
improvements in therapy, breast cancer remains a potentially deadly condition. Early 
detection thus remains paramount. 
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Chapter 3: What is the evidence on the efficacy 
and effectiveness of breast cancer 
screening by mammography? 

This chapter will briefly recapitulate the evidence on efficacy of mammography screening 
based on the initial randomised controlled trials. The details of this evidence are presented 
in the annex. The focus will then be on the effectiveness of breast cancer screening in 
reality, examining evidence from longstanding programmes. Finally, the hazards of 
screening will be considered. 

3.1. The efficacy of screening for breast cancer 

The fact that most cancers respond well to treatment if detected early is not in itself 
sufficient evidence to support population-based screening. A screening test needs to be 
sufficiently sensitive to advance the time of diagnosis to a more successfully treatable 
phase. However, even an earlier diagnosis may not prevent death. Rather than extend life, 
screening may simply extend the length of life with the disease by advancing the time of 
diagnosis (lead time bias). Screening may selectively detect only the less aggressive cases, 
the majority of which survive regardless of the mode of detection (length bias), or 
screening may detect cases that would never have been diagnosed without screening (over 
diagnosis). For these reasons, evaluation of the efficacy of screening is best carried out by 
a prospective randomized trial in which mortality from the target disease is the primary 
endpoint.viii The term “efficacy” will thus generally be used to refer to the relative 
reduction of breast cancer mortality rates in the screened group with respect to the control 
group. 

Eight randomized screening mammography trials were implemented between the 1960s 
and 90s.ix Based on the results of these trials and numerous meta-analyses, showing a 25 
to 30% decrease in breast cancer deaths, several industrialised countries started 
implementing national mammography screening programmes in the 1980s and 90s.  

In 2000 two Danish members of the Cochrane Collaboration, Peter Gotzsche and Ole 
Olsen, published a review of the data on breast cancer screening.13-15 They deemed that 
five of the seven eligible randomized controlled trials were not performed properly, and 
discarded the results from those trials (which happen to show a benefit of mammographic 
screening). They only included two trials (Malmö trial and National Breast Screening 
Study of Canada I) arguing that they were fairly well performed and that only their results 
were valid. They interpreted those two trials as showing that mammographic screening 

                                                 
viii As survival is subjected to all the biases mentioned above, it is not recommended as a valid endpoint 
measure. 
ix A ninth trial, involving women aged 40-49 only (UK Age Trial), begun in 1991 in the United Kingdom. 
Results have been recently published1 showing a 17% reduction in breast cancer mortality, which did not 
reach statistical significance (RR 0.83; CI 0.66-1.04).  This trial will not be discussed as it does not concern 
the relevant age group (women 50 and above). 
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had no benefit, and concluded that there was no benefit from mammographic screening for 
women at any age.  

In the months following the publication of the Cochrane review, a very extensive review 
of the randomized controlled trials of mammographic screening was published by the 
United States Preventive Services Task Force.16;17 The task force concluded that the data 
support recommending screening, beginning at the age of 40 years. The International 
Agency for Research on Cancer convened a panel of 24 experts to review the data. The 
panel concluded that the issues raised by Gotzsche and Olsen were either 
misinterpretations of the facts or were inconsequential.18 The National Health Council of 
The Netherlands published a point-by-point review of the concerns raised by Gotzsche 
and Olsen and concluded that many of those concerns were a result of misunderstanding 
the trials and the data or were of no consequence.19 Furthermore many papers were 
published in 2002 and 2003 that countered specific issues raised in the Cochrane review20-

27. In addition, an overview based on individual data of the Swedish trials was published.28  

In 2006, the Advisory Committee on Breast Cancer Screening in England considered 
efficacy of mammography screening to be underestimated in the randomized controlled 
trials.29  The same year a health technology assessment requested by the Quebec Ministry 
of Health (Canada) re-examined the scientific evidence on which screening 
mammography programs are based.30 This extensive review concluded that modern breast 
cancer screening programs may achieve greater reduction of breast cancer mortality than 
was found in the screening trials.  Finally, an update of the Cochrane review that initially 
triggered much debate was published online on 18 October 2006.31  One of the two authors 
had participated in the initial review. The trials included in the analysis are identical to the 
initial review, but the conclusions are different. 

 “Screening likely reduces breast cancer mortality. Based on all trials, the reduction is 
20%, but as the effect is lower in the highest quality trials, a more reasonable estimate is a 
15% relative risk reduction.” 

Much attention was paid in Switzerland to the debate that followed the publication of the 
initial Cochrane review. This triggered a rejection of mammography screening by many 
Swiss cantons, particularly in the German and Italian-speaking parts and effectively 
stopped the development of a national screening programme. To lay this debate to rest a 
summary of judgements made about the eight trials and conclusions reached by each 
review are provided as annex.  

It is now uncontested that the randomised controlled trials have shown that population-
based breast cancer screening reduces breast cancer mortality in women over age 50. The 
question, however, is if this effect persists outside the controlled trial environment. To 
answer this question the impact of breast cancer screening programmes on breast cancer 
mortality.  
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3.2. Are mammography screening programmes effective in reducing 
breast cancer mortality?  

This question will be addressed focusing on long-standing programmes as the impact of 
breast cancer screening programmes only becomes fully apparent 10 to 15 years after 
implementation. Breast cancer screening programmes by mammography have been 
operating for more than 10 years in Australia, Canada, Denmark, Finland, the Netherlands, 
Sweden and the United Kingdom. The history of the national or regional screening 
programme is briefly summarized for each country followed by current evidence on their 
possible role in reducing breast cancer mortality.  

How was the scientific evidence gathered? 

A first review at an international level was done by IARC in 2002. The findings of the IARC review 
were revised and updated with materials published between 2000 and 2006.  

The types of materials used are published peer-reviewed papers; published reports from countries; 
handbooks, monographs, books; and, annual reports of mammography screening programmes. 
This includes reports from Australia, Belgium, Canada, France, Ireland, Italy, Luxemburg, The 
Netherlands, New Zealand, Norway, Portugal, Spain, United Kingdom. No reports were found from 
Greece and Denmark. Reports from Sweden and Finland could not be used due to language 
difficulties.  

Evaluation reports of long-standing national programmes done by accredited national institutes 
were searched: Australia, Canada, France, The Netherlands, United Kingdom. Information on 
mammography screening was retrieved from national websites for Germany, Ireland, France, Italy, 
Spain and the United Kingdom. Information presented in abstracts, poster presentations and 
meeting reports (European Breast Cancer Network) was used as relevant. 

A Medline search on effectiveness, mortality reduction and overdiagnosis linked to mammography 
screening (programmes) was carried out and complemented by a search of references in relevant 
articles identified. 

Information retrieved through this wide search strategy is presented in chapters 4 and 5.  

AUSTRALIA  

The National Program for the Early Detection of Breast Cancer, now known as 
BreastScreen Australia, was established by the Commonwealth and the States and 
Territories in 1991. It is targeted at women without symptoms aged 50-69, although 
women aged 40-49 and 70 years and older are able to attend for screening. BreastScreen 
Australia operates in over 500 locations nationwide, via fixed, semi-mobile and mobile 
screening units. The Program's aim is to achieve a participation rate of 70% among 
women aged 50-69 years. In 2002-2003, the programme screened 56.1% of women in the 
target group. The highest priority of the programme is to increase uptake. 

The 2006 progress report of Australia36 shows that the five-year relative breast cancer 
survival has increased from 70.9% in the period 1982-1986 to 86.6% in 1998-2002. There 
was no change in breast cancer survival in men during the same period. The age-
standardised breast cancer mortality rate for women age 40 to 85 was fairly steady until 
the early 1990s, but since then has fallen from 31.0 deaths per 100,000 women in 1990 to 
23.4 deaths per 100,000 in 2004 corresponding with a 24.5% mortality reduction. 
Furthermore the median age of death due to breast cancer for women increased from 64 
years in 1983 to 67 years in 2004. 
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CANADA  

Organized breast cancer screening began in British Columbia in 1988 and has since 
expanded to include all 10 provinces plus the Yukon, Nunavot and Northwest Territories. 
The last province, Prince Edward Island, started screening in 1999. The average national 
participation was 33.9% in 2002. Breast cancer screening includes a bilateral, two-view 
screening mammography. Nationally the target population is defined as asymptomatic 
women between the ages of 50 and 69 years with no prior diagnosis of breast cancer. 
However, each province may in addition propose screening to women outside this target 
age group. In addition to mammography screening, some programmes offer clinical breast 
examination performed by a trained health professional. The remaining programmes 
encourage women to obtain regular clinical breast examination outside the programme 
from their family physicians.  

British Columbia has the longest standing screening programme, and by 2003 more than 
50% of women aged over 40 had received at least one screening mammography through 
the programme. Women aged 40-79 are offered screening mammography free of charge 
through community clinics with interpretation by radiologists affiliated to the program. 
Women under the age of 50 are screened annually and those over 50 every 2 years. The 
impact of this screening programme on breast cancer mortality was recently assessed.37 A 
cohort of women aged 40 to 79 having had their first screen in the period 1988-2003 was 
identified. Observed breast cancer deaths were compared to those that would have been 
expected in the same cohort without screening. The calculation of expected deaths was 
derived from incidence and survival rates of non-participants during the same time period. 
It was assumed that those women participating in screening had the same risk of 
developing breast cancer as those who did not. The breast cancer mortality ratio was 
calculated by dividing observed by expected breast cancer deaths. It was estimated at 0.60 
(95% CI 0.55-0.65) for all ages combined. There were no significant differences between 
age groups. Corrected for self-selection bias using estimates from the literature the 
mortality ratio was 0.76 corresponding to a 24% decrease in breast cancer mortality in 
women over age 40 undergoing screening. 

Denmark 

Denmark has one of the oldest national cervical cancer screening programmes in the 
world, but does not offer country wide mammography screening to its female population. 
Mammography screening was introduced between 1991 and 1994 in three out of 16 
administrative regions.  

In Copenhagen the screening programme started in 1991 with two view mammography in 
the initial round and one view in subsequent rounds. Participation rate in the initial round 
was 71%. In 2005 a study was carried out to compare breast cancer mortality in women 
invited for screening in Copenhagen between 1991 and 2001 (five rounds) and a national 
control group (regions without a mammography screening programme) as well as a 
historical control group (1981 to 1991).38 It should be noted that opportunistic 
mammography screening has remained very limited in Denmark. The study showed a 
significant reduction in breast cancer mortality during the 10 year screening period of 25% 
(RR 0.75, 95% CI 0.63-0.89) compared with what would be expected in the absence of 
screening. For women actually participating in screening, breast cancer mortality was 
reduced by 37%. 
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Finland  

In Finland, nationwide population based breast cancer screening was introduced in 1987. 
The programme covers women aged 50-59 years and can be continued up to age 64. 
Women are screened every two years. From 1987 until 1990 a randomly chosen birth 
cohorts of women aged 50-59 were invited for their first screen. These birth cohorts were 
considered to be study cohorts, and could be compared to cohorts invited for the first time 
after 1990. Participation rates are very high at 88.5%.39 The centralised screening registry 
for identification, invitation, and follow up of the women is part of the Finnish Cancer 
Registry, which operates nationwide and is population based. The National Population 
Registry, national registration of deaths, and cancer registrations are linked to the 
screening registry.  

In an early study 89 893 women invited to join the screening programme in 1987-89 were 
followed up until 1992.  These were matched by 68 862 “control” women not invited to 
the service screening. The rate ratio of death was 0.76 (95% CI 0.53 to 1.09). The effect 
was larger and significant (0.56; 0.33 to 0.95) among women aged under 56 years at 
entry.40  

A similar study with a longer follow-up period was carried out in Helsinki, where breast 
cancer screening started from 1986 onwards progressively including birth cohorts of 
women aged 50 to 59. Breast cancer mortality among women who had already been 
invited for screening and those not yet included in the screening programme were 
compared in the period 1986 to 1997. A 19% decrease in refined mortality was found, but 
was not statistically significant (RR 0.81, 95% CI 0.62-1.05).41 One should consider that 
only women aged 50-59 were included, and that one would thus expect a lower impact on 
breast cancer mortality than if the full age range 50-69 was invited. 

A recent study analysed time trends in breast cancer incidence and mortality in three cities 
with different screening histories: screening offered to women 55-69 since 1987 in Turku, 
screening offered to women 55-59 since 1987 in Tampere, no screening in these age 
groups in Helsinki.42 The incidence of breast cancer during the 11-year screening period 
1987-97 in women born in 1918-32 was compared with incidence during the pre-
screening period 1976-86 in women born in 1907-21 in each city. The follow-up for breast 
cancer mortality was four years longer. The incidence of breast cancer increased by 31-
38% in all study cities irrespective of screening. No statistically significant changes in 
breast cancer mortality were seen in Tampere (non-significant 14% mortality reduction) or 
Helsinki (non significant 11% mortality increase). In Turku, a significant 36% mortality 
reduction (RR 0.64; CI 0.47-0.88) was found in the whole study population. Although a 
consistent mortality reduction was found in all age groups screened, it was statistically 
significant only in women aged 65-69 at entry (RR 0.53; CI 0.28-0.99).  

Sweden 

Mammography screening was introduced in Sweden in 1986 by the National Board of 
Health and Welfare. The screening targets women aged 50 to 69 and is implemented at the 
county level. The first counties started screening in 1986 followed progressively by other 
counties. National coverage was achieved in 1997. Opportunistic screening exists in the 
large cities but is rare elsewhere. The attendance rate has been around 70-75%.  

A recent study examined the time trend in incidence-based breast cancer mortality among 
women screened in 13 large areas within nine counties over a period of follow-up of 20 to 
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44 years.43;44 Only counties with at least 10 years of follow-up after the initiation of 
screening were included. This represents approximately 45% of Swedish women and 
includes information about age at diagnosis, age at death, and screening history for 
542,187 women in the prescreening and 566,423 women in the screening epochs. The pre-
screening epoch examined varies by county from 1958-1979 to 1979-1989. The screening 
epochs vary in length from 8 (1 county) to 15 years covering the period 1980-2001. Each 
screening epoch had an additional follow-up of 5 years for mortality. Attendance of 
screening was uniformly high, averaging 75%. Detection rates averaged five breast 
cancers per 1,000 women screened in the first round, and four breast cancers per 1,000 
women screened in subsequent rounds. After adjusting for self-selection bias, there was a 
significant 43% reduction in incidence-based breast cancer mortality associated with 
screening (RR 0.57; 95% CI 0.53-0.62). The number needed to screen to save one life was 
estimated as 472. 

The breast cancer mortality decline associated with mammography screening was 
examined in the two Swedish counties where one of the randomized controlled trials had 
taken place.45 Comparing the period when no screening was available (1968-1977) to the 
period when screening was made widely available (after the trials; 1988-1996), a 
reduction in mortality corrected for selection bias of 48% was found in women 40-69 
undergoing screening (RR 0.52, 95% CI 0.43-0.63). No significant change in breast cancer 
mortality was found in these time periods for women who did not undergo screening. 
However, in this latter category, women 20-39 years were included.  

Another analysis compared counties which started offering mammography screening in 
1986-87 (intervention group) to those which started in 1993 or later (control group).46 
After a mean follow-up of 10.6 years, a statistically non-significant 16% reduction in 
mortality from breast cancer was found (RR 0.84; CI 0.76-1.05). After adjustment for 
inclusion and lead time biases the reduction was 20%. 

In a further analysis, deaths from breast cancer diagnosed in the 20 years before screening 
was introduced (1958-77) were compared to those diagnosed in the 20 years after the 
introduction of screening (1978-97, thus including the period of the randomized controlled 
trial) in women aged 40-69 years. It appeared that adjusted breast cancer mortality 
declined in women who were screened (RR 0.56, CI 0.49-0.64) as well as for those who 
were not screened (0.84, CI 0.71-0.99). This mortality reduction of 16% is estimated to be 
caused by improved management of breast cancer and higher awareness (earlier response 
to self-detected breast symptoms), while the additional 28% mortality reduction in 
screened women is attributed to the impact of screening.47   

The Netherlands 

The Dutch national breast screening programme started in 1990 and invites women aged 
50-69 years. National coverage was reached in 1997. In 1998, it was extended to include 
women aged 70-75 years old. Screening is organized regionally. There are nine screening 
regions, which coincide with the regions covered by the Comprehensive Cancer Centres. 
Each of these centres cooperates with the Municipal Health Services in its region to 
implement the programme. A total of 64 mainly mobile units are used for screening. 
Between 1990 and 1999, 5.7 million invitations were issued and 4.5 million examinations 
performed. This corresponds to a participation rate of 79%. 
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In 2001 the national breast screening evaluation team (LETB) reported a 19.9% 
statistically significant breast cancer mortality reduction in the age group 55-74 as 
compared to death rates in 1986-88.48 Adjuvant systemic therapy seemed unlikely to 
explain this reduction, as mortality rates continued to rise up to one year after 
implementation in municipalities where screening began after 1995. The decline in 
mortality was mirrored by a decrease of the incidence of advanced breast cancers (stage 
shifting). In women aged 50-69 advanced cancer incidence declined by 12.1% between 
1989 and 1997.49 

This trend in mortality decline continued and reached 25.5% in 2004, 14 years after the 
start of the national programme.50 This reduction has also been achieved through the high 
average participation rate of 78.8% over 15 years. The observed decline in breast cancer 
mortality is very similar to the decrease that had been predicted by a microsimulation 
model as shown in Figure 3.1. 

  

Figure 3.1  Age-standardised breast cancer mortality rates as observed (bold line) 
in the Netherlands and predicted by the MISCAN modelx for the 
situation with (dotted line) and without screening (thin solid line) 
programme in women aged 55-74 years in the period 1986-2004 

 

Spain 

A breast cancer screening programme was set up in the province of Navarra in 1990, 
achieving a participation rate of more than 85%. Based on breast cancer incidence trends 
1975-1990, breast cancer deaths without screening were estimated for the period 1990-

                                                 
x The Department of Public Health of the Erasmus Medical Centre has developed the microsimulation 
computer model ‘MISCAN’ to enable evaluation of screening programme to examine the cost-effectiveness 
of different scenarios of opportunistic and organized breast cancer screening in Switzerland (see chapter 10). 
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2004 and compared to observed breast cancer mortality after the introduction of 
screening.51 Overall breast cancer mortality declined by 20% (RR 0.8; CI 0.69-0.93) with 
the largest reduction in the age group 50-69 (RR 0.65; CI 0.51-0.82). Excluding prevalent 
cancers, mortality decreased by a further 7% among women included in the screening 
programme. Comparing observed to expected deaths (extrapolating the pre-screening 
trend), the estimated decrease in mortality was 62% in the screened age group, but only 
22% in unscreened age groups (30-44 and ≥75 years). Breast cancer mortality rates have 
been declining since 1993-95 in the whole of Spain. However, the decline has been more 
pronounced in Navarre. 

Thus this programme with a very high participation and retention rate (about 95%), 
achieved major reductions in breast cancer mortality. 

United Kingdom 

In 1986 an expert committee recommended the introduction of a national breast screening 
programme which started in 1989. National coverage was reached in 1994. Since April 
2001 the screening programme was expanded to routinely include women aged 65-70. 
Until today over 19 million women have been screened by the NHS Breast Screening 
Programme (NHSBSP), participation rates being fairly constant around 75%. 

Death rates from breast cancer in England and Wales were fairly constant, or increased 
slightly, during the 1980s, but since about 1990 they have fallen in all age groups by about 
25%.29 Recent statistics from the National Cancer Intelligence Centre show a decline of 
27.3% in women aged 50-64 over the ten-year period 1995-2004 (Table 3.1).  

 

It is not easy to ascertain the direct contribution of the NHSBSP to the reduction in 
mortality from breast cancer. The rapid decline in mortality is believed to be partly the 
result of earlier diagnosis of breast cancer, which is associated with screening and 
increased breast awareness, and partly the result of increased use of hormonal and other 
effective therapies. Several methods have been used to estimate the contribution of the 
NHSBSP to the reduction in mortality. Estimates of the decrease in breast cancer mortality 
attributable to screening vary between 6-15% depending on the number of screening 
rounds, and the use of one- or two-view mammography.52;53 

            Table 3.1 Decline in breast cancer mortality in the United Kingdom, 1995 to 2004(*) 

Breast cancer 
deaths units  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

 women 50-64  thousands 3 2.8 2.8 2.9 2.8 2.8 2.7 2.7 2.6 2.6 
 Women all ages thousands 11.8 11.4 11.2 11 10.9 10.6 10.8 10.8 10.5 10.3 
                        
 per 100’000 
women (50-64)  rate  77 71 70 69 66 65 62 60 58 56 

  % decrease  7.8% 9.1% 10.4% 14.3% 15.6% 19.5% 22.1% 24.7% 27.3% 
 per 100’000 
women (all ages)  rate  36 34 33 33 32 31 31 30 29 28 

  % decrease  5.6% 8.3% 8.3% 11.1% 13.9% 13.9% 16.7% 19.4% 22.2% 
(*) Summary statistics on breast cancer and the NHS breast screening programme,  National Cancer Intelligence Centre 
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Screening mammography and adjuvant therapy 

The decline in breast cancer mortality seems to be undisputed, but the major question 
already alluded to above is: To what extent are mortality reductions due to screening 
mammography or to adjuvant treatment?  

In 2005, a study of a consortium of investigators was published estimating the relative and 
absolute contributions of screening mammography and adjuvant treatment to the reduction 
in breast-cancer mortality in the United States from 1975 to 2000. It showed that both 
screening mammography and treatment have helped reduce the rate of death from breast 
cancer in the United States.54  Figure 3.2 shows estimated age-adjusted rates of death from 
breast cancer among women aged 30 to 79 for four scenarios: no screening and no 
adjuvant treatment; screening, but no adjuvant treatment; no screening, but adjuvant 
treatment; screening and adjuvant treatment.  

In the absence of screening and adjuvant therapy breast cancer mortality was expected to 
increase by 30% between 1975 and 2000. The reduction of breast cancer mortality due to 
screening was estimated at 7 to 23% across seven models used, with a median of 15%. 
Adjuvant therapy was estimated to reduce mortality by 12 to 21 %, with a median of 19%. 

A similar model study was carried out in the Netherlands in 2004.55 The reduction in 
breast cancer mortality due to adjuvant therapy was estimated at 7% in women aged 55-74 
years, while the reduction due to screening (implemented in women aged 50-69 years 
since 1990-97) would be 28-30% in 2007. The contribution of adjuvant systemic therapy 
was thus anticipated to be less than the mortality reduction caused by mammography 
screening. The divergence between conclusions reached in these two studies and the lesser 
relative impact of mammography screening in the US may reflect differences in 
assumptions made about the use of adjuvant therapy and its effectiveness in different 
tumour types, as well as differences in the implementation of mammography screening 
(no national programme in the US). 

Figure 3.2 Estimated impact of mammography screening and adjuvant therapy 
on breast cancer mortality (age 30-79) in the United States, 1975-2000 
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3.3. Further benefits of breast cancer screening programmes  

The main claim of breast cancer screening is that the detection of breast cancer at an 
earlier stage and of smaller size (stage shifting) leads to less invasive treatment, better 
prognosis and thus longer survival. Having reviewed the evidence on decreased breast 
cancer mortality, one may also want to examine what mammography screening 
programmes have achieved in terms of less invasive treatments. Some of the recently 
published evidence is presented without claiming completeness. 

More breast conserving surgery 

All breast cancers diagnosed between 1997 and 2001 in women aged 40-79 years resident 
in 17 areas of Northern and Central Italy were classified by size, nodal status and method 
of detection (screen-detected at 1st screen, at subsequent screens, not screen-detected).56 
The type of surgical treatment performed was classified in two categories: breast 
conserving surgery and mastectomy. 21’148 invasive breast cancers and 2’162 in situ 
breast cancers were analysed. Among women 50-69 years the rate of early cancer (in situ 
or < 30mm) increased by 13.7% in the screened group during the study period, while the 
advanced cancer rate decreased by 19.4%. In the screened population, breast conserving 
surgery rates increased by 24.6% and mastectomy rates decreased by 24.2%. Breast 
conserving surgery was carried out in more than 75% of screen-detected cases in the first 
round and in 83% of cases detected in subsequent rounds as compared to 54.4% and 52.5 
% in cases not yet-invited and never-respondent. The reduction of mastectomy rates over 
time was due to a decreased proportion of mastectomies in early cases (from 31% to 21%, 
p< 0.001). 

A study in Australia found similar difference in surgical treatment between screen-
detected and not screen-detected cases.57 59.5% of women undergoing surgery in the 
screen-detected group had breast conserving surgery as compared to 42.3% in the not 
screened-detected group. 

A further study in Australia, focusing solely on breast cancers detected with or without 
screening in 1999, found that screen-detected cases received significantly less 
mastectomies (30.6% vs. 48.9%), less chemotherapy (18.4% vs. 33.9%) and more 
radiotherapy (60.8% vs. 47.5%) than not screen- detected cases.58 

Shorter (and less expensive) hospital treatment 

In Turku, Finland, all women diagnosed with primary invasive breast cancer during the 
period 1987-1993 were categorised by method of detection: screen-detected, interval and 
clinical cancer.59 The number of days of hospitalisation (14 vs. 21) and the number of out-
patient visits (22 vs. 28) were significantly lower for screen-detected versus clinical 
cancers. This translated into lower treatment costs per patient (7’359 vs. 10’353 Euro, 
adjusted for age) and per survival day (5.2 vs. 17.8 Euro). 

Having reviewed evidence on the positive impact of breast cancer screening, the potential 
harms need to be examined.  
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3.4. Hazards of screening: false positive results, false negative 
results, overdiagnosis and radiation-induced breast cancer 

The benefits of screening clearly need to outweigh potential harms. The two most 
important and debated harms are false positive results and overdiagnosis. A further, 
although minor risk inherent to mammography screening is breast cancer induced by 
ionizing radiation. Relevant data from the randomized controlled trials will be presented 
first, followed by evidence from breast cancer screening programmes.  

Interval cancers, sometimes referred to as “false-negatives”, may also be perceived as a 
hazard of screening and will be briefly discussed at the end of this sub-chapter. 

False positive results 

Like all medical tests, mammography is not perfectly accurate and can lead to false 
positive results. The term “false-positive” refers to a benign lesion found at 
mammography in an asymptomatic woman ultimately found to have no evidence of 
cancer. False positive results will lead to additional testing (diagnostic mammography, 
ultrasound, MRI), invasive procedures (needle biopsy) and unnecessary anxiety for these 
women. The probability that a woman will require further assessment after a screening 
mammography will depend on the quality of the screening test and the usual practice in a 
given health care system (different thresholds for recommending further investigations). 
The risk for false positives also depends on the woman’s profile: younger age, previous 
biopsy and hormone replacement therapy increase the risk. In addition, false-positives are 
more frequent at first screening rounds than in subsequent rounds when previous films are 
available for comparison. 

In the Stockholm trial the false positive rate was 1% after 2 screens.18 In the Finnish 
national programme the risk of being re-called for further investigations without a cancer 
being detected was 2.9%.39  Although a recall for further investigation causes anxiety and 
discomfort, the main harm caused by mammography screening was considered to be 
surgical biopsy. Less than 0.3% of the women screened (1 in 372 screens) had a benign 
surgical biopsy. 

In the United Kingdom the false positive rate was 7% in the first screening round, and 3% 
in further rounds.60 In the Netherlands the rates are much lower: 2.5% and 1.2% 
respectively.50 On the other hand, in the United States recall rates are much higher 
between 6.4 and 13.3% (all rounds combined).61  

A comparison between two screening programmes in the United States and the national 
programme in the United Kingdom showed that recall rates in the US are much higher 
than in the UK for the first screen (11.2-13.1% versus 7.4%) as well as subsequent screens 
(6.8-8% versus 3.6%).62 But cancer detection rates are similar. The much higher rate of 
false-positives in the US are due to several factors: fear of malpractice lawsuits in the US; 
lower standards for the volume of mammographies to be read by the 1st reader (480 per 
year in the US versus 5000 in UK); no standard 2nd reading in the US; and better access to 
previous mammographies in the UK; a centralised programme in the UK and a less mobile 
population. 
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THE PSYCHOLOGICAL IMPACT OF FALSE-POSITIVES 

A systematic review of the psychological impact of mammography screening of all 
publications between 1982 and 2003 identified 54 papers in 13 countries.63 The results 
indicate that women who have further investigations following a screening mammography 
experience significant anxiety in the short term, and possibly in the long term. The nature 
and extent of the further investigations determines the intensity of the negative 
psychological impact in the short term. Evidence regarding the long term consequences of 
false positive results and their impact on subsequent attendance of screening is conflicting. 
It is difficult to compare study outcomes because the measures of psychological impact 
differ, they are not applied in a uniform way, and different time intervals were used. Lack 
of baseline data and difficulty in following up the comparison groups further confounds 
results.  

The U.S. preventive services task force also reviewed evidence on the impact of false 
positives on women.17 It concluded that the proportion of women suffering from anxiety 
after an abnormal mammography and the persistence of this anxiety vary. However, 
anxiety does not seem to dissuade women from further screening and may even be 
associated with improved adherence. Most women are willing to accept the risk for false-
positive results.  

A study carried out in the canton Vaud (Switzerland) in 1995 during the pilot phase of the 
screening programme compared levels of anxiety between women having received 
negative results and those with false positive results.64 The overall mean level of anxiety 
was low, but women screened positive had a sustained higher anxiety at 8 weeks follow-
up than women screened negative. The predictors of anxiety were mainly educational 
level and the initial level of anxiety before screening. 

Overdiagnosis 

Overdiagnosis refers to the detection of cancers that may never cause symptoms or death 
during a woman’s life because she dies of another cause before the breast cancer becomes 
symptomatic. These breast cancers would not have been found if there was no screening 
test. Women in whom such cancers are detected do not benefit, but experience harm such 
as unnecessary worries and unnecessary treatment with its complications. Overdiagnosis is 
inherent in any screening programme, as it is not possible to accurately predict the future 
behaviour of a detected cancer based on histopathology. However, increased detection of 
one particular type of breast cancer, ductal carcinoma in situ (DCIS), in breast cancer 
screening programmes has been considered as an indication of overdiagnosis.  

Data from randomised controlled trials of mammographic screening can be used to 
determine the extent of any overdiagnosis, as soon as either a time equivalent to the lead-
time has elapsed after the final screen, or the control arm has been offered screening.xi 

                                                 
xi “While screening is continuing in the intervention arm of a trial, incidence in that arm will be increased 
because of the advancement of diagnosis by the lead-time in screen-detected cancers, as well as by any 
overdiagnosis. This ‘prevalence peak’ will be followed by a corresponding decrease once screening ceases. 
Overdiagnosis can therefore be estimated only after a time equivalent to the lead-time has elapsed following 
the final screen. In several trials, women in the control arm have subsequently been offered screening. Once 
this has occurred, only overdiagnosis due to incident, not prevalent, screens would be observable, because 
women in both arms of the trial would be subject to any overdiagnosis occurring at prevalent screens.” (from 
65) 
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The extent of any overdiagnosis in trials of breast screening may be affected by the 
‘intensity’ of screening (one or two views, modalities employed, screening frequency and 
recall policy), and by the uptake of screening in the intervention arm. It may also depend 
on the age range of women included in the trial, both because of variation in the natural 
history of the disease with age and because of increased mortality from other causes in 
older women during the ‘lead-time’ before a screen-detected cancer would have presented 
clinically. The extent to which overdiagnosis is observed will also depend on the extent of 
‘contamination’ in the control arm by opportunistic screening. Due to different 
combinations of these factors in the eight randomized controlled trials, comparison of the 
incidence of breast cancer between the screened and the control group varies as shown in 
Figure 3.3. 

Data from three of the Swedish trials suggest that if there was overdiagnosis it was 
confined to the prevalent cases detected at initial screening. However, data from the other 
trials indicate that mammography screening initially increases the observed incidence of 
breast cancer by 24 to 38%, suggesting potential overdiagnosis.18  

Figure 3.3 Breast cancer incidence among women invited to screening versus 
those who were not (controls) in eight randomized controlled trials of 
screening mammography (from IARC handbook, p.145) 

 
A more recent re-analysis of the differences in breast cancer incidence between 
intervention and controls arms in the follow-up period of each of the randomized 
controlled trials (from 5 to 13 years) came to similar conclusions.65  In this case overall 
incidence, as well as incidence of invasive breast cancers and DCIS was presented. In the 
Canadians trials which have the longest follow-up and did not propose screening to the 
control group at the end of the trial, an excess of 11-13% of all breast cancers is found in 
the intervention group after 13 years of follow-up, mainly due to DCIS. In the trials in 
which the control group was invited to screening (Two-County trial, Stockholm, 
Goteborg) there was a possible shift from invasive cancer to DCIS, but no evidence of 
overdiagnosis was found. 
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In another study the incidence data from the Two-County trial and the Gothenburg trial 
were used to estimate the timing and magnitude of an excess incidence of invasive breast 
cancer and DCIS in women invited to screening.66  The study also ascertained whether 
excess incidence of DCIS was balanced by a later deficit in invasive cancers, taking into 
account lead time. In the Two-County trial, 15% of DCIS cases, corresponding to 1% of 
all breast cancers detected were considered to be overdiagnosed. In the Gothenburg trial, 
the corresponding rates are 18% and 2%. Applying the overdiagnosis model to the number 
of women screened and of cancers detected at the first three screens, the overdiagnosis 
rates are considerably lower at second and third screen than at the prevalence screen 
(decreasing from 3.1% to 0.3% in TCS, and from 3% to 0.2% in Gothenburg). The authors 
conclude that overdiagnosis is probably a minor phenomenon, but that further studies with 
much larger numbers are needed. 

Beyond evidence from the randomized controlled trials the issue of overdiagnosis has 
been investigated in mammography screening programmes.  

In Florence, Italy the incidence of breast cancer 1990-1999 following introduction of 
mammography screening in 1990, was compared to the incidence 1985-1989 before 
screening started.67  When corrected for lead time, an apparent excess of 11% of invasive 
cancer decreased to 2%. When in situ cancers were included the excess incidence due to 
true overdiagnosis was estimated at 5%. A sensitivity analysis using different sojourn 
times indicated estimates of overdiagnosis for all breast cancers from 3% to 7%.  

A similar, more recent analysis included six breast cancer screening programmes in 
Northern and Central Italy, covering in each case a ten-year study period starting as early 
as 1986 or as late as 1991.68  Only programmes with at least five years of screening data 
were included. Excess incidence was estimated based on breast cancers diagnosed in the 
pre-screening and screening years. In total, the excess ratio of observed to predicted in situ 
and invasive cancers was 36.2% in women age 50 to 74. After correction for lead time the 
excess ratio was 4.6% (95% CI 2%-7%), mostly attributed to ductal carcinoma in situ.  

Incidence of invasive breast cancer in women aged 40 to 74 before and after the start of a 
mammography screening programme was analysed in 11 Swedish counties.69  Screening 
started between 1986 and 1990. The average follow-up after screening started was 12.8 (8-
15) years. Data on breast cancer incidence were obtained for all counties from 15 years 
before screening started until 2000. Comparing expected incidence, based on the incidence 
before screening started, to the observed stabilised incidence 7-14 years after screening 
started and adjusting for lead time a relative risk of 1.54 (95% CI 1.33-1.79) was found for 
the age group 50-59 and of 1.21 (95% CI 1.04-1.41) in the age group 60-69. The excess 
incidence due to overdiagnosis was thus much higher in this study. The authors did 
attribute the increased incidence mainly to small sub-clinical breast cancers that would 
never have been diagnosed without mammography.   

Using data from the first and second round of the Copenhagen mammography screening 
programme, a multistate model was fitted estimating the mean sojourn time as 2.7 years 
and screening sensitivity as 100%.70 Overdiagnosis was estimated to be 7.8% (95% CI 
0.3-26.5) at first screen and 0.5% at second screen (95% CI 0.02-2.1). The confidence 
intervals are broad due to the relatively small data set (35’123 women screened at least 
once). 

Another study recently examined a longer period in Copenhagen and Fyn county (1979-
2001). Incidence data of invasive breast cancer from the screening regions (five rounds) 



 36 

were compared to time-equivalent data for the rest of Denmark and to pre-screening 
data.71 Incidence of breast cancer was found to have increased regardless of screening. 
After a marked prevalence peak in the screening regions (1991 and 1993), the incidence 
rates were found to be similar to what would have been expected without screening taking 
into account lead time and newcomers. 

In the Netherlands the natural history of breast cancer as well as the effect of screening 
were modelled (MISCAN model).72 Incidence of breast cancer observed after screening 
was introduced was compared to incidence predicted with and without screening. 
Overdiagnosis of screen-detected breast cancers was estimated at 8%. 

To estimate the proportion of ductal carcinoma in situ which is overdiagnosed a mover 
(progressive DCIS moving to invasive cancer) – stayer (non-progressive DCIS) model 
was fitted to screening data from the Swedish Two-County trial and from service 
screening programmes in the UK, the USA, the Netherlands and Australia.73  It was 
estimated that 37% of DCIS are overdiagnosed at first screen, and about 4% at second and 
third screen. Considering that DCIS constitute a minority of cancer detected at screening, 
these results imply that one woman in 3’300 has a chance of overdiagnosis at first screen 
and one in 50’000 at subsequent screens. 

Radiation-induced breast cancer 

The risk of inducing breast cancer through the repeated exposure of the breasts to ionizing 
radiation during mammography cannot be measured directly. Indirect evidence comes 
from atom bomb survivors in Japan, cohorts of women which were irradiated repeatedly 
for diagnostic or therapeutic reasons (tuberculosis patients, patients with benign or 
malignant breast disease), and women with professional exposure.74 Depending on 
assumptions made in applying data from these cohorts to women 50-69 in Western 
Europe, the additional risk of a breast cancer after a 20 year screening period (one screen 
every 2 years) is estimated to be between 0.01 and 0.1%. This should be compared to the 
“spontaneous” risk to develop a breast cancer after age 50 of about 8%.75 In the United 
States the risk of radiation-induced breast cancer for women undergoing mammography 
for 10 years beginning at age 40 was estimated to be only one in 12’500.76 The risk thus is 
real, but minimal. The harms of ionizing radiation should be reduced as much as possible. 
However, they are not a determining factor in deciding for or against mammography 
screening. 
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INTERVAL CANCERS 

Interval breast cancers are cancers that present clinically in the time period between a 
normal screening result (regardless of it having needed further assessment or not) and the 
next routine screening examination. Interval cancers are an inevitable part of any breast 
cancer screening programme and their frequency is one indicator of the effectiveness of 
the programme. They can be separated into three categories based on the previous 
screening mammography77:  

1. The previous screening mammography had normal or benign features; 

2. With hindsight a feature is seen on the previous screening mammography that is subtle 
and does not clearly have malignant features (minimal cancer signs); 

3. Retrospectively an abnormality suspicious of malignancy is seen on the previous 
mammography. 

Only this last category should be referred to as “false-negatives”. The other two categories 
were not detectable at the time of the screening mammography and are called “true 
interval cancers”. Interval cancers during the first year after a normal mammography are 
the most significant as they reflect cancers missed by screening. Second year interval 
cancers are more likely to be cancers which could not have been detected at the previous 
screen. Interval cancers have worse prognostic features than screen-detected cancers, and 
are similar to non-screen detected cancers78. There is no conclusive evidence to show that 
true interval cancers have a worse prognosis than false-negative interval cancers77.  

Interval cancers can only be identified if a good functioning cancer registry is in place 
with feedback to the screening programme and an efficient matching procedure between 
the two databases. An assessment in four European breast cancer screening centres 
showed rates around 2 per 1000 women screened, with the exception of one centre having 
a much lower rate.79 Differences, among others, in defining interval cancer, completeness 
of cancer registration and the prevalence of opportunistic screening were shown to affect 
the comparability of interval cancer rates in 19 international screening programmes80. 

It is very important to inform women before entering the screening programme that a 
breast cancer can appear between two screening rounds. True interval cancers are not a 
hazard of screening as these cancers would appear regardless of screening or not. 
However, if women think that they are “protected” against the appearance of a breast 
cancer in between screening intervals, interval cancers become a hazard of screening. 
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IN CONCLUSION  

It is now uncontested (even in the latest Cochrane review) that population-based breast 
cancer screening reduces breast cancer mortality in women over age 50. All randomised 
controlled trials have shown a trend of reduction in breast cancer mortality among women 
over age fifty, which was usually statistically significant. Various meta-analyses show that 
this reduction lies in a range of 15% to 30%. 

Evidence from long-standing breast cancer screening programmes indicates an impact on 
breast cancer mortality similar to the decrease observed in the randomized controlled 
trials. The magnitude of the impact varies with the evaluation design; the length of the 
intervention; participation rates achieved; and, estimated contribution of adjuvant therapy 
to prolonged survival. All programmes included in the review started offering breast 
screening services between 1987 -1995.  

The first statistically significant results can be expected 10-15 years after the introduction 
of the screening and the maximum cumulative effect arrives 25 years after onset of the 
screening programme. This is due to the fact that a screening programme covers a period 
of 20 years, involving 10 screens between age 50 and 69, and a 5 year follow-up thereafter 
to assess survival after diagnosis. It may thus take some more years before the full impact 
of these mammography screening programmes can be assessed.   

Further benefits of breast cancer screening are a decrease in mastectomy, less invasive 
treatments and reduced hospital stay. 

False-positive screening results and overdiagnosis of breast cancer are harmful and 
inevitable consequences of screening. These harms should be largely outweighed by the 
benefits of screening. Findings from the randomized controlled trials as well as 
longstanding screening programmes indicate that this is the case. Further studies have 
shown that the risk of overdiagnosis is modest, considering that it is not possible at the 
moment to distinguish on an individual basis which cancer will progress to invasive and 
metastatic disease and which will not do so. The risk of radiation-induced breast cancer 
due to screening is minimal. Interval cancers are an inevitable part of screening 
programmes. False-negative interval cancers should be reduced as much as possible.  
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Chapter 4: Status of breast cancer screening 
programmes in other European 
countries 

Chapter 3 has provided some information on breast cancer screening programmes that 
started at least ten years ago focusing on measures of effectiveness in terms of breast 
cancer mortality reduction. To allow comparison with the Swiss situation, some more data 
on the functioning of European mammography screening programmes regardless of the 
duration of implementation will be presented in this chapter. Currently 18 screening 
programmes exist in western, northern and southern Europe (“old” EU and EFTA 
countries). The new EU member states are not included as information is difficult to 
access and most programmes are very recent.  

4.1. Access to and uptake of breast cancer screening in Europe 

More then 20 years after the first breast cancer screening programmes started in Sweden, 
Finland, United Kingdom and the Netherlands, the situation in Europe has significantly 
changed. As described in the previous chapter, these pioneer countries have achieved 
significant mortality reductions and the quality of their programmes has seen a continuous 
improvement. Many breast cancer screening programmes have started in Europe in the last 
decade. A great incentive for implementing organised programmes has been the Europe 
against cancer programme of the European Commission. From 1989 to 2002 it actively 
supported the establishment of screening programmes following the best practice of the 
United Kingdom, the Netherlands and Sweden, the first countries with a national 
programme.   

Table 4.1 shows the coverage achieved in 2006 by 18 programmes in western, northern 
and southern Europe. Coverage is defined as the proportion of women eligible for 
screening who have had a test with a recorded result at least once in the previous 
screening period. The national target populations are based on data from EUROSTAT. 
The number of women invited per screening round in 2006 is drawn from annual reports 
or was provided by the evaluation offices of the programmes.  

The number of regions offering screening indicates the extent to which the screening 
programme is aiming at national coverage. For example, in Denmark only 2 of the 13 
districts offer screening compared to France were 99 out of 99 regions have introduced 
screening. In Germany three pilot regions started screening programmes in 2005, and 57 
additional regions started in 2006xii. It is planned that all 92 regions will offer screening by 
the end of 2007.  

By far the lowest national coverage rates are found in Austria, Denmark, Greece and 
Switzerland. In Austria, two pilot regions implemented screening from 1999 to 2004. No 
screening was offered in 2005. In 2006, five new regions started pilot programmes, each 
testing different screening modalities. Based on the results from these programmes a 
national policy should be developed. In Greece, there is no national screening policy and 

                                                 
xii Germany was divided into 92 mammography screening regions each covering about 1 million inhabitants. 
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no political will to implement a screening programme. Existing efforts are entirely 
supported by volunteer organisations.  

Table 4.1  Status of breast cancer screening programmes in Europe 

  Year first 
programme 

started 

Number of 
regions 
offering 

screening 
in 2006 

Age of 
screened 

population 

National 
target 

population 

Women 
invited per 
screening 

round 

% of national 
target 
population 
invited (2006) 

Austria 1999 2/9 50-69 953'897 70'000 7.3% 

Belgium 1990 2/2 50-69 1’122’388 1002161 89.3% 

Denmark 1991 2/13 50-69 667'065 73'500 11.0% 

Finland 1986 11/11 50-59/69xiii 397'302 395'459 99.5% 

France 1989 99/99 50-74 8’452’650 8452650 100.0% 

Germany 1999 6/16 50-69 10’418’081 6’459’200 62.0% 

Greece 1989 5/52 40/50-64 1'002'583 42'411 4.2% 

Iceland 1987 1 40-69 48'813 48'813 100.0% 

Ireland 1989 2/4 50-65 293'600 158'524 54.0% 

Italy 1985 18/21 50-69 7'242'800 3'530'000 48.7% 

Luxembourg 1992 1 50-69 46'723 44'974 96.3% 

Netherlands 1989 9/9 50-74 2'193'157 2'129'220 97.1% 

Norway 1996 19/19 50-69 507’795 482'397 95.0% 

Portugal 1990 15/18 45-69 1'634'866 1'144'406 70.0% 

Spain 1990 17/17 45/50-64/69 4'244'500 4'190'570 98.7% 

Sweden 1986 21/21 40/50 -69/74 1'688'373 1'688'373 100.0% 

Switzerlandxiv 1999 6/26 50-70 908'398 223'391 24.6% 

UK 1988 4/4 50-70 6'838'000 6'223'716 91.0% 

        48'660'991 36'759’626 75.5% 

 

In most programmes the age group invited for screening are women 50-69/70. Only 
Iceland and some regions in Sweden and Greece recommend beginning breast cancer 
screening at the age of 40. Two programmes start at the age of 45 (Spain, Portugal) and 13 
at the age of 50. With respect to the upper age limit, 12 programmes have set this limit at 
69/70 years. In France and the Netherlands all women are invited up to age 74, while in 
Sweden only some regions have extended the upper age limit.  

                                                 
xiii 59/69 means that in some regions the upper age range for inviting women is 59, while in other regions 
women are invited until age 69. Similarly 40/50 means that some programmes invite women from age 40, 
while others do so from age 50. 
xiv A pilot programme started in Switzerland in 1993 in canton Vaud. 
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More than 36 million women are invited to screening enabling over 75% of the female 
target population of these 18 countries to participate in mammography screening. Table 
4.1 does not show participation rates but the total number of women having access to an 
organised breast cancer screening programme. Participation rates will be shown in Table 
4.3.  

Figure 4.1 illustrates the geographical repartition of three distinct categories of national 
coverage by invitation of women 50-69 by organised mammography screening. In 
Western Europe, Switzerland is joined by Denmark, Austria and Greece in the lowest 
category. 

Figure 4.1 Percentage of women age 50-69 invited to organised breast cancer 
screening in Europe by the end of 2006 

 
 

90-100% 

50-60% 

0-25% 
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Table 4.2 shows how breast cancer screening programmes are organized. Most 
programmes are organized in a centralised manner. This means that the screening 
programme is distinct from the delivery of general medical care and that the screening 
tests are provided in distinct, fixed or mobile specialized units. In centralised programmes 
opportunistic screening is relatively rare. A centralised programme can be administered at 
either national or local level and is supported by the government. 

In decentralised programmes screening is done in the context of general medical care, 
screening tests being provided either in specialized structures or in private radiological 
units. The role of the national government extends from no plan to strictly regulated 
programmes that follow guidelines, professional and structured certification, regulations, 
laws and continuous evaluation. 

Table 4.2 Organizational characteristics of European breast cancer screening 
programmes 

Country Invitation 
specifies 
date and 

time 

Screening 
organisation 

 

Detection 
method 

Cancer 
registry in 
screened 

area 

Interval 
(years) 

No. of 
views (first/ 
subsequent) 

Austria no D M       

Belgium no C M partial 2 2 / 2 

Denmark yes C M Yes 2 2 / 1 

Finland yes C M Yes 2 2 / 2 

France no D M + CE partial 2 2 / 2 

Germany yes D/cxv M partial 2 2 / 2 

Greece no C M + CE +BSE No 2 2 / 2 

Iceland yes C M + CE Yes 2 2 / 1 

Ireland yes C M No 2 2 / 1 

Italy yes D M Yes 2 2 / 1 

Luxembourg no D M Yes 2 2 / 2 

Netherlands yes C M Yes 2 2 / 1 

Norway yes C M Yes 2 2 / 2 

Portugal yes C M Yes 2 2 / 1 

Spain  yes C M Yes 2 1 / 1 

Sweden yes C M Yes 1.5 / 2 2 / 1 

Switzerland no D M Yes 2 2 / 2 

UK yes C M Yes 3 2 / 2 

C=centralised; D=decentralised; M=mammography; CE=clinical breast examination; BSE=breast self-
examination 

                                                 
xv The programme in Germany is organized in a decentralised manner, but is centrally coordinated. 
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In organized programmes, whatever the type of organization, direct mail invitations are 
generally sent to women in previously defined age groups, offering them free screening. 
Publicity campaigns through media advertising, pamphlets, newspapers, radio and 
television and referrals from general practitioners are frequently used with the mailings. A 
date and a time for the appointment are always offered to the women in centralised 
programmes. In Greece, given the particular geographical situation, women living in small 
villages in the mountains are collected by minibus and arrive at the screening unit or 
mobile screening bus. Once all of them are served, they return to their village.  

The primary detection method in all programmes is mammography. Some programmes 
add clinical breast examination (France, Greece, Iceland) and only in Greece they also 
teach the women to do breast self examination. With the exception of Spain, all 
programmes apply a two-view mammography of each breast at the first screen. In about 
half of the programmes only one view is done at subsequent screens. Some countries 
recently modified their policy from one view to two views in the subsequent rounds to 
increase the sensitivity of the test. In Switzerland two views are used at each screen. The 
screening interval for women over 50 years of age is 2 years in almost all programmes and 
once a year for women under the age of 50 and for those with a family history of breast 
cancer. In the United Kingdom, women aged 50 to 70 are offered screening every 3 years. 
In Sweden women 40 to 49 are screened every 18 months. 

Table 4.3 shows the participation rates achieved in 2005. While the coverage rate 
presented in table 4.1 refers to the entire eligible population, the participation rate is the 
proportion of women invited to screening for whom a test result is recorded.xvi Overall 
13.3 million women were invited and 8.2 million participated, corresponding to a 62% 
participation rate. In longstanding programmes such as in the Nordic countries, in The 
Netherlands and in the UK, the coverage by mammography is well over 70%. In some 
countries with lower participation rates such as Belgium, France, Germany, Italy and 
Switzerland, a considerable volume of opportunistic mammographies exists outside the 
screening programmes. There is an obvious variation in participation between centralised 
programmes and decentralised programmes.  

The European guidelines recommend double reading of mammograms to improve the 
quality of the interpretation, as this increases sensibility and specificity. This is the 
standard in all European programmes. However, in France double reading is only done for 
women with a negative result after the first reading. Women found positive on the first 
reading are immediately followed-up for further investigation. Each programme using 
double reading has an established policy for arbitration of discordant interpretations. The 
results, whether positive or negative, are always sent to the woman, except in Luxembourg 
where a notice is sent only to the referring physician. In about half the countries, the 
results are not sent to the physician. 

 

                                                 
xvi The invited population is smaller than the eligible population because it excludes women who are eligible 
for screening but are not invited because either they have made their own informed choice that they no 
longer wish to be invited for breast screening, or they are not on the health service register (e.g. diplomats),  
or they are not invited within the two year screening round because of slippage in a programme. 
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Table 4.3 Participation rates achieved in European programmes in 2005 
 

  Women invited 
annually (2005) 

Annual 
number 
screened 

Participation 
rate in 2005  

Screening 
organisation 

 

Austria  (no screening in 2005)     

Belgium 501'081 130'841 26.1% C 

Denmark 36'750 28'151 76.6% C 

Finland 200'248 175'014 87.4% C 

France 4'226'325 2'083'185 49.3% D 

Germany 76'185 41'448 54.4% C 

Greece 21'206 11'129 52.5% C 

Iceland 22'400 15'000 67.0% C 

Ireland 79'262 59'600 75.2% C 

Italy 1'480'000 843'000 57.0% D 

Luxembourg 22'983 14'657 63.8% D 

Netherlands 1'070'700 865'260 80.8% C 

Norway 243'997 186'046 76.2% C 

Portugal 226'472 140'039 61.8% C 

Spain 2'095'285 1'354'601 64.6% C 

Sweden 844'187 675'342 80.0% C 

Switzerland 91'256 39'779 43.6% D 

UK 2'074'572 1'584'695 76.4% C 

  13'312'909 8'247'787 62.0%  

 

In order for women to obtain the maximum benefit from a breast cancer screening 
programme, an accurate recall system must be in place to avoid losing women to follow-
up after an abnormal result. All programmes except the Danish one are responsible for 
ensuring the follow-up of women with a positive result. The follow-up includes full 
assessment for diagnosis, biopsy and treatment when necessary. In all programmes, there 
is reporting on the collection of data, computerized or not, and on the results of additional 
diagnostic procedures and cancers detected at screening.  
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4.2. Regulatory, reimbursement and legal status in other European 
countries  

Table 4.4 summarizes who pays for screening in the European programmes: health 
insurance, tax monies and women themselves. With two exceptions the mammography 
itself is paid by health insurance. In Sweden local taxes are used and in Greece two 
volunteer organisations cover the costs.  

Table 4.4 Regulatory and reimbursement status of European breast cancer 
screening programmes 

 

 Screening 
programme Screening paid by External sources necessary Contribution of 

women 

Austria Regional projects 
scheduled National pilot project  none 

Belgium National  Health insurance Yes for organisation and 
evaluation none if insured 

Denmark Regional State health insurance Yes, county contribution none 

Finland National State health insurance No none 

France National Health insurance No none if in programme 

Germany National  Health insurance No none 

Greece Regional Hellenic Cancer Society 
/ Church Yes none 

Ireland National / 
incomplete  State health insurance No none 

Iceland National State health insurance No none 

Italy Regional State health insurance Yes, Regional Health System 
pays for the organisation none 

Luxembourg National State health insurance Yes for organisation and 
evaluation none 

Norway National State health insurance No 200 NOK (≅40CHF) 

Portugal Regional Health insurance Yes, Cancer League none 

Spain National Health insurance Yes for organisation and 
evaluation none 

Sweden County level County taxation  No 0 - 150 SEK (≅27CHF) 

Switzerland Regional  Health insurance Yes, cantonal contribution for 
organisation and evaluation 10% ≅ 15 CHF 

The 
Netherlands National Health insurance No none 

UK National National taxation No none 
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In about half the countries additional funding sources are needed to pay for costs related to 
the organisation and the evaluation of the programme, as is the case in Switzerland. Only 
three countries, including Switzerland, also ask for a co-payment from the women. In 
Norway this amounts to about 40 CHF per screen, and in Sweden can go from no co-
payment up to 27 CHF.  

How a screening programme will be set up and how it is going to be regulated depends to 
a large extent on the existing health system. In most instances a formal document specifies 
who is responsible for the management, organisation, quality assurance, evaluation and 
financial reimbursement. It is beyond the scope of this report to describe in detail which 
regulatory and legal instruments have been used or instituted as a basis for breast cancer 
screening programmes in other European countries. It is noteworthy that the Netherlands 
are the only European country to have adopted a formal law on population screening. The 
original texts regulating breast cancer screening of 11 European countries and 2 Belgian 
regions (Austria, Belgium Flemisch, Belgium Wallone, France, Germany, Ireland, Italy, 
Luxembourg, Netherlands, Norway, Portugal, Spain, United Kingdom) can be obtained on 
request from the Swiss Cancer League.  

 
IN CONCLUSION 
Most European countries have established nationally or regionally organized breast 
cancer screening programmes. In many countries the screening facilities are 
administered regionally. 
Most programmes focus on screening women aged 50-69. With the exception of the UK, 
all programmes invite women in this age group to have a mammography every second 
year. Three programmes include clinical breast examination of the participants. 
The number of screening views per breast is reduced from two to one after the initial 
screening in half the programmes. Some national policies are currently changing to two 
views at all screens. 
The proportion of eligible women being effectively screened in organized breast 
cancer screening programmes varies. Most programmes have intermediate to high 
participation rates (50% to more than 80%). 
In a majority of countries the costs of the screening are totally covered by health 
insurance, with no extra funding needed and no payment by women. 
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Chapter 5: The experience of breast cancer 
screening programmes in 
Switzerland 

In this chapter the latest data from the five Swiss mammography screening programmes 
will be presented. The cantons Geneva, Vaud and Valais have been operating a 
mammography screening programme since 1999xvii. A screening programme was 
introduced in the canton Fribourg in 2004 and in the canton Jura in 2005. The canton 
Neuchâtel has formally joined the Jura programme in July 2006 and has started inviting 
women in May 2007.  

Data related to the functioning of the programme are available for all five programmes. In 
addition, the three longstanding programmes in Geneva, Valais and Vaud have recently 
undertaken a complete epidemiological evaluation. Data on their performance and 
effectiveness will be summarised and compared with the European standards. The 
complete evaluation report of canton Valais is available on request.81 

Finally, lessons learned, as well as constraints and limitations in the Swiss context will be 
discussed. 

5.1. How well are existing screening programmes functioning?  

Indicators of performance can be used as a basis for corrective action early on in a 
mammography screening programme. They also allow predicting whether a reduction in 
mortality is likely to happen in the long term. In this section the indicators related to the 
functioning of the programmes, such as participation rates, timeliness of follow-up after 
mammography and of re-invitation, and recall rates will be described. In the next section 
indicators of effectiveness such as rates of detection of cancer, of advanced disease and of 
interval cancers will be presented.  

PARTICIPATION RATE 

As shown in table 5.1 the participation rate is variable across the five programmes and 
does not reach the 70% proposed for decentralised programmes in the European 
Guidelines. This may be due in part to the fact that opportunistic screening was (widely) 
available before the programmes were set up. The programmes in Fribourg and Jura are 
very recent and have not yet reached their full potential. However, it should be noted that 
Jura achieved a remarkable participation rate in the first round. As was shown in table 4.3 
participation rates in other European programmes vary between 26 and 87%.  

The evaluation of a six-year period in Valais showed that there are three groups of 
women: those who participate regularly (55% of eligible women), those who never 
responded to an invitation (36.5%) and those who participate occasionally (about 10%). It 
is also interesting to note that about half of the women presented a previous 
mammography at their first screen indicating a considerable use of mammography 
screening prior to entering the programme. 

                                                 
xvii The pilot phase of the screening programme in Vaud started in 1993. 
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Table 5.1 Participation rates in the mammography screening programme in five 
cantons (latest round for which data were available) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In some programmes the participation rate is calculated per screening round, in others per 
calendar year. The figures are thus not exactly comparable, but provide an overall estimate 
of participation and differences across programmes. 

TIMELINESS  OF THE SCREENING PROCESS 

In a well-functioning programme, women should get the results of their screening 
mammography quickly. The further assessment of those found to have a suspicious 
radiological image should not be delayed. Finally, re-inviting a high percentage of eligible 
women within the screening interval indicates if a programme is able to function 
efficiently. This indicator only applies to the longer standing programmes in GE, VD and 
VS. 

As shown in Table 5.2, the three long-standing breast cancer screening programmes are 
within or close to the European norms, with one exception in the Geneva programme. In 
2005 this programme came to a complete halt because the health insurances refused to 

  Women 

 Period Invited Eligible Screened
Participation 
rate 

04/2003 - 03/2004 33'528 32'887 15'479 47.07% 

04/2004 - 03/2005 35'058 34'299 17'206 50.16% VD 

 68'586 67'186 32'685 48.65% 

           

01/2004 - 12/2004 15'323 13'869 9'119 65.75% 

01/2005 - 12/2005 16'450 15'317 10'111 66.01% VS 

 31’773 29'186 19'230 65.89% 

            

01/2003 - 12/2003 19’007 17’096 5’123 30.0% 

01/2004 - 12/2004 25’946 24’177 5’5552 23’0% GE 

  44’953 41’273 10.679 25.9% 
            

03/2004 - 02/2005 13'181 11'699 1'874 16.02% 

03/2005 - 02/2006 14'740 13'073 6'652 50.88% FR 

 27'921 24'772 8'526 34.42% 

            

JU 01-12/2005 1’969 1’817 785 43.2% 

 01-12/2006 4’653 4’390 2’264 51.57% 

  6’622 6’207 3’049 49.12% 
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continue to reimburse the screening mammography. Due to this funding crisis the 
invitation of women was delayed for six months. This explains the unusual difference 
between re-invitation at 24 and 30 months.   
 

  n.a. = not available  

The time between screening and transmitting the result to the woman and her physician, if 
applicable, is well within the European standard in all three programmes. It is also 
remarkable, that the delay between screening and further assessment is within 20 working 
days for about 90% of women found to have a suspicious lesion in Vaud and Valais. The 
European norms have been established in countries with assessment centres linked to the 
breast screening centres, which is not the case in Switzerland. It thus indicates a good 
collaboration between the screening programmes, the women and their physicians. 

QUALITY OF THE SCREENING PROCEDURE 

The recall rate indicates the proportion of women screened for breast cancer which will 
undergo further investigations. These can either be a diagnostic mammography and/or a 
biopsy for cytologic or histologic examination. A low recall rate may spare women 
unnecessary anxiety and the hassle and pain of medical procedures, but at the same time it 
could reduce the sensitivity of the screening test. There is thus a fine balance to find 
between reducing the number of false-positive results, while at the same time avoiding 
false-negative results. As can be seen in table 5.3 the Swiss programmes are at the upper 
end of or slightly above the European norm. As should be expected the recall rate is lower 
in subsequent screens, as the initial mammography serves as comparator. 

The benign to malignant biopsy rate is a further indication of the quality of the 
programme. Among women recalled for additional investigations, a certain percentage 

Table 5.2 Indicators to assess the timeliness of the screening process 

 GE VD VS European 
norms 

Time between screening and result  
(% 15 working days)      

Initial screen   95.2 99.6 98.6 >=90% 

Subsequent screen   96.3 99.8 99.1 >=90% 

     

Delay between screening and further 
assessment (% 20 working days)         

Initial screen   n.a. 91.1 87.0 >=90% 

Subsequent screen   n.a. 90.8 90.1 >=90% 

     

Re-invitation within screening interval 
(% within 24 months)    76 91.8 83.2 >95 

Re-invitation within screening interval 
(% within 30 months)    96 98.0 94.6 >98 
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will undergo biopsy. The majority of the biopsies should allow the detection of 
malignancy. Otherwise many women would be uselessly submitted to an invasive 
procedure. The European norm is that there should not be more than one negative biopsy 
for one positive biopsy at the initial screen, and not more than one negative for three 
positive biopsies in subsequent screens. As with the recall rate, the Swiss programmes are 
at the upper end of the European norms. 

 

When comparing the results of the Swiss programmes to the European norm, one should 
keep in mind that these are high standards that are not achieved at any rate outside 
screening programmes. This was corroborated by an analysis of the use of breast 
pathology examinations (cytology or histology) carried out in Valais for the same period 
as covered by the screening programme (1999 to 2005).82 Pathology examinations were 
found to be twice as frequent for women who did not participate in the screening 
programme than for participants (RR 1.96). Benign or negative results of pathology 
examination were more frequent for non-participants than for participants (RR 2.38). 
Participating in the screening programme thus has a favourable and measurable impact on 
the use of pathology examinations. For women participating in the screening programme, 
the probability to have a tissue examination is halved. In case of a histologic or cytologic 
test, the probability of a negative or benign result is also reduced. 

Table 5.3   Quality indicators of the breast cancer screening programmes  

 GE VD VS FR JU European 
norms 

Recall rate (%)       

Initial screen 7.9 6.4 7.1 7.7 6.0 < 7 

Subsequent screen 4.8 3.9 3.3 6.1 n.a. < 5 

Benign:malignant biopsy ratio       

Initial screen n.a. 0.47 0.55 0.49 n.a. ≤ 0.5 

Subsequent screen n.a. 0.28 0.24 0.24 n.a. ≤ 0.25 
 
n.a. = not available / not applicable 

N.B. Regarding data from the FR programme, these should be considered with caution as the programme 
started recently and epidemiological data have not yet been validated. The same is true for the JU/NE 
programme, only the recall rate being available.
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5.2. How effective are the screening programmes? 

All Swiss screening programmes are still quite young and below 10 years of age. It is thus 
too early to expect a reduction of breast cancer mortality. However, cancer detection rates, 
the stage at which cancers are detected and the rate of interval cancers are valuable 
surrogate markers for assessing the effectiveness of a breast cancer screening programme. 
These indicators are presented in table 5.4 for four cantonal programmes. Figures for 
Fribourg only pertain to the initial (prevalent) screen and have not yet been 
epidemiologically validated. 
   

 * n.a. = not available / not applicable 
 ** Stage II is divided into Stage IIA (T 2-5 cm, N negative, or T <2 cm and N positive) and Stage IIB 

(T > 5 cm and N negative, or T 2-5 cm and N positive (< 4 axillary nodes)). 
 

Table 5.4 Surrogate indicators for assessing the effectiveness of the 
breast cancer screening programmes in Switzerland 

 GE VD VS FR  European 
norms 

Breast cancer detection rate (%o)      

Initial screen 6.1 7.6 6.2 8.8 (3x I.R.) 

Subsequent screen 5.9 5.9 4.8 n.a.* (1.5xI.R.) 

In situ cancers (%)      

Initial screen 17.7 18.2 12.2 29 10-20 

Subsequent screen 15.8 17.1 12.5 n.a. 10-20 

Invasive cancers ≤ 10 mm (%)      

Initial screen 31.8 39.6 25.2 32 ≥ 25 

Subsequent screen 50.0 44.7 21.2 n.a. ≥ 25 

Stage ≥ II (%)**      

Initial screen 38.5 29.7 35.4 11 < 30 

Subsequent screen 29.2 28.9 39.3 n.a. ≤ 25 

Node-negative cancers (%)      

Initial screen 76.9 72.3 74.3 74 ≥ 70 

Subsequent screen 79.2 73.8 75.9 n.a. ≥ 75 

Interval cancers (initial screen)      

0-11 months after screening 22.7 24.0 27.3 n.a. ≤ 30 

12-23 months after screening 51.3 41.9 53.2 n.a. ≤ 50 
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Given the fact that opportunistic screening existed before starting the screening 
programmes, the European norm to detect three times the baseline incidence rate at the 
prevalent (first) screening round and 1.5 times at the subsequent screen is not applicable in 
the Swiss context. 
In the three long-standing programmes the proportion of advanced cancers (≥ II) is above 
the European norms. However, the detection rates of in-situ cancers, of node-negative 
cancers and of small invasive cancers are well within European norms, indicating that the 
programmes are effective in detecting breast cancer at an early stage (stage shifting). 

The interval cancer rate in a defined period after screening is expressed as a proportion of 
the background (expected) breast cancer incidence rate in the absence of screening. The 
proportions for the first and second year after screening should not be considered 
cumulative. These data are currently only available for Valais and Vaud and indicate that 
occurrence of interval cancers meet the European norms. 

In the cantons Valais and Vaud breast cancers detected in participants to the screening 
programme could be compared to those detected in non-participants (Tables 5.5 and 5.6).  

Table 5.5 Distribution of prognostic indicators for breast cancer by detection 
and screening modalities in the canton of Vaud, 2000-2005, (women 
age 50-69 at cancer diagnosis) 

 * Includes former participants for which the cancer was diagnosed more than 2 years after the last 
mammography test. 

 ** Except for the % of in situ cases, indicators are based on invasive cancers only. 

The prognostic profile differs between screen and non-screen detected cancers, each 
indicator being systematically more favourable for screened-detected cancers. The profile 
of interval cancers is overall similar to that of cancers detected in unscreened subjects as 
one would expect. In Vaud, however, interval cancers have a smaller size at diagnosis than 
unscreened cancers.  

Opportunistic screening and organized screening afford a similar prognostic profile in 
Vaud. In Valais, opportunistic screening was associated with a slightly more favourable 
prognostic profile. This is due to the fact that opportunistic screening often implies annual 
screening and mostly includes three views per breast and an ultrasound. One should also 

 Participants Non participants* 

Prognostic 
Indicators** (%) 

Screen- 
detected
cancers  
(n=488) 

Interval 
detected
cancers
(n=133) 

Screened 
(n=241) 

Unscreened 
(n=560) 

In situ 

Invasive ≤1 cm 

Invasive ≤2 cm** 

Stage ≥II 

Node-negative  

18.9 

43.3 

83.2 

28.8 

72.0 

9.0 

25.0 

71.6 

44.8 

58.6 

22.4 

39.7 

84.4 

27.5 

73.0 

3.6 

17.7 

54.6 

43.7 

58.5 
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consider that cancers detected by organised screening and opportunistic screening are 
compared in two cantons that have implemented a mammography screening programme. 
As the same radiologists perform opportunistic and organised screening mammographies, 
the quality-controlled organised procedure also benefits to some extent quality of 
opportunistic screening.  

Table 5.6 Distribution of prognostic indicators for breast cancer by detection 
and screening modalities in the canton Valais, 2000-2005 (women age 
50-69 at cancer diagnosis) 

 Participants Non participants 

Prognostic Indicators* 
(%) 

Screen- 
detected
cancers  
(n=259) 

Interval 
detected
cancers  
(n=89) 

Screened 

(n=137) 

Unscreened 

(n=256) 

In situ 

Invasive ≤2 cm** 

Stage ≥II 

Node-negative  

10.8 

75.8 

40.5  

69.6  

5.6 

54.7 

58.5 

58.5 

13.1 

79.7 

31.6 

81.0 

5.5 

51.2 

64.7 

54.0 
 

* Except for the % of in situ cases, indicators are based on malignant cancers only. 
** pT stage was not directly available from the Valais Cancer Registry. Construction of this information on 
the basis of clinical and pathological data did not allow to reliably estimate the % of malignant cases ≤1 cm 
(pT1a or pT1b). 

In addition to breast cancers detected in the screening programme, overall prognostic 
indicators for breast cancer were compared in Swiss cantons with and without a screening 
programme (Table 5.7). These data are based on all breast cancers detected in the period 
2000 to 2005 in women aged 50 to 69, regardless of the mode of detection. In cantons 
with screening programmes this includes cancers detected within the screening 
programme as well as cancers detected either by opportunistic mammography screening or 
clinically. 

The proportion of cancers detected at an early stage (less than 1 or 2 cm and/or node 
negative) is higher in VD, VS and GE than in TI and SG. Breast cancer prognostic 
indicators are systematically more favourable in cantons with an organised screening 
programme than in cantons without such a public health programme. Among cantons 
without a screening programme, those with a high prevalence of opportunistic screening 
(Ticino), seem to have more favourable prognostic indicators in breast cancers than 
cantons with a low prevalence of opportunistic screening (St Gallen). 
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Table 5.7 Prognostic indicators for breast cancer in Swiss cantons with and 
without a screening programme and according to prevalence of 
opportunistic screening (SG: low, TI: high); 2000-2005 (women 50-69)  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
* Except for the % of in situ cases, indicators are based on malignant cancers only. 

 ** pT stage was not directly available from the Valais Cancer Registry. Construction of this 
information on the basis of clinical and pathological data did not allow to reliably estimate the % of 
malignant cases ≤1 cm (pT1a or pT1b). 

 

The evidence presented in section 5.1 and 5.2 indicates that the five existing breast cancer 
screening programmes are able to reach European standards in terms of performance. 
Stage shifting has occurred thus providing a first indication of the impact these 
programmes may have on breast cancer mortality in the long run. Before further 
elaborating the lessons learned from these experiences in section 5.4, the economic issues 
faced by these programmes will be described. 

 

 

Cantons with screening 
programmes 

Cantons without 
screening programmes Prognostic 

indicators * (%) VS VD GE SG TI 

In situ 

Invasive ≤1 cm 

Invasive ≤2 cm 

Stage  ≥II 

Node negative

8.5

n.a.**

64.2

46.4

67.2

12.5

30.1

70.1

36.4

65.2

12.3

26.1

70.4

51.5

64.5

9.3

10.9

49.6

65.5

56.0

5.8 

18.2 

63.5 

56.5 

55.4 
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5.3. The economics of breast cancer screening in Switzerland 

The potential cost-effectiveness of various screening scenarios will be analysed in chapter 
6. Before doing so, it is useful to examine current costs of the existing screening 
programmes and how these are shared among the different actors.  

Currently each canton negotiates the rate and mode of reimbursement of mammography 
screening separately with the health insurance or its representative, santésuisse. This leads 
to different reimbursement schemes as illustrated in table 5.8. 

As of 1st April 2007 Tarmed 1.04 has come into force and changed the situation for almost 
all programmes. In Valais (and Vaud before the new convention) the conventional tariffs 
are lower than the Tarmed reimbursement, whereas in Geneva they are considerably 
higher.  

The reimbursement of the cost of the third reading of the mammography at the screening 
centre has been negotiated differently by each programme. In Vaud and Fribourg 10% and 
in Jura/Neuchâtel 15% of the mammographies are estimated to need a third reading. In 
Valais, the cost of the third reading is included in the cantonal subsidy.  

In Valais and Jura the cantonal subsidy includes the 10% copayment of each woman 
screened, in Geneva this is paid by the Cantonal cancer league, as will be the case in 
Neuchâtel. The service is thus provided for free in these four cantons.  

Table 5.8  Variations in item costs (in CHF) of a screening mammography in six programmes 

GE VD VS FR JU NE 

 public private   public private       

Convention in place since  01.05.07 01.05.07 1999 01.04.07 01.04.07 01.04.07 

Sum received by screening 
programme from health insurance 
+10% co-payment (paid either by 
participant or by external 
contribution, e.g. canton, cancer 
league) 

161.33 221.78 168.46 104.00 132.00 158.15 139.00 165.15 

Sum disbursed by screening 
programme for:           

    
  

 Mammography + 1st reading 
paid to radiology institute 145.33 205.78 123.46 84.00 112.00 119.23 92.00 100.00 

 2nd reading radiologist (paid by canton) 19.00 20.00 20.00 20.30 20.00 20.00 

 3rd reading radiologist** (paid by canton) 20.00 (paid by canton) 20.30 20.00 20.00 

 
3rd reading is x% of second 
reading   10%    10% 15% 15% 

Remaining income for screening 
centre 16.00 16.00 24.00 0.00 0.00 16.59 24.00 42.15 



 56 

In Vaud, the screening programme negotiated 24 CHF per mammography for the 
administrative workload (appointments, sheets, invoice and payment to the institutes). In 
Geneva the amount negotiated is 16 CHF, in Fribourg 16.58 CHF, in JU 24.40 CHF and 
NE 42.15 CHF. 

Why is mammography screening not exempted from the 10% copayment? 

In a message on 21 September 1998 the Federal Council asked the Parliament to exempt 
preventive services from the franchise as well as from the co-payment. The National Council was 
favourable to this proposition, but the Council of States was opposed. In 2000 (March session) the 
Parliament examined an amendment of the Health Insurance Law providing for free breast cancer 
screening examination, when carried out under a cantonal or regional screening program. The 
National Council approved the amended regulation. The Council of States, on the contrary, 
required a full financial cost-sharing (deductible and copayment), arguing that this principle should 
be strictly applied also to preventive measures. Advocates for the exemption stressed the 
necessity of high participation rates in the screening program. In the final vote, Council of States’ 
members reached equality (13 – 13). The President gave the casting vote against the exemption. 
In the conciliation procedure, the proposal of a compromise (10% copayment) was finally 
approved by the two Councils. 

In Valais, a convention was passed in 1999 between health insurers and GEHVAL 
(Groupement des établissements hospitaliers valaisans) foreseeing a reimbursement of SFr 
104.- per mammography with two readings. The third reading is not reimbursed. A 
separate convention with private radiologists agreed to pay them SFr 132.- for the same 
service. This difference is due to the fact that investment costs for technical installations in 
the hospitals are partially paid by the canton.  

In Geneva, a convention signed in 1998 was based on reimbursement of ambulatory care 
services and agreed to a reimbursement of SFr 200.- for each screening mammography. 
Higher costs in Geneva are due to the following factors: only private radiologists carry out 
the mammography whereas in other cantons public, subsidized institutions (hospitals) 
participate; digital mammography was introduced early on; being a “city” canton living 
costs and salaries are higher than in cantons with a large rural population. A new 
convention has recently been signed with a transitory period of 8 months where an extra 
payment is negotiated for the private radiology practice of 60.45 CHF. 

Based on the annual reports of existing mammography screening programmes, the costs 
per women screened were calculated for the 3rd screening round for Vaud, Valais, and 
Geneva, and the first screening round in Fribourg (participation up to December 2005) and 
in the Jura-Neuchâtel programme. These data are presented in Table 5.9. The data from 
the JU-NE programme are not included in the calculation of the average as the programme 
only started in June 2005 in Jura. In Neuchâtel no women have yet been screened, thus 
leading to an overall low number of participants and a proportionally high cantonal 
contribution. However, these data are interesting as they depict the financial situation in 
the initial phase of a programme. 

The variations in cost per woman screened are due to different reimbursement conventions 
as described above. In addition, overhead costs including organisation, administration, 
invitation, quality assurance, training and salaries become proportionally less as the 
number of mammographies performed rises. Overhead costs appear to be quite variable 
between the programmes. However, if the administrative costs born by the health 
insurance in Fribourg and Vaud are taken into account, the overhead costs are 41.4% in 
Vaud and 43.7% in Fribourg.   
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For Valais the amount reimbursed by health insurance is an average of public and private 
costs. The cost figures presented in Table 5.9 have changed with the introduction of 
Tarmed 1.04 in April 2007. 

These wide variations in item costs and reimbursement schemes clearly show the need for 
a common agreement with health insurances. Fees should be based on standard tariffs in 
all cantons with some room for variation due to local differences (e.g. only private 
providers, mix of public and private providers). The third reading should be reimbursed in 
all programmes as this is part of a quality service to the screened woman. The 
administrative costs linked to the invitation and follow-up of women should be covered by 
the health insurance fee as currently in Vaud. And finally, the service should be provided 
without copayment in all programmes.  

5.4. Lessons learned from implementing breast cancer screening 
programmes in Switzerland: the experience of Valais, Vaud, 
Geneva, Fribourg and Jura 

The first important lesson learned is that it is feasible to implement organized screening 
for breast cancer by mammography in Switzerland. Strong political support and in some 
cantons a good synergy with the cantonal cancer league have been essential in the 
development of the programmes. 

In some cantons a high level of pre-existing opportunistic screening burdened the 
introduction of the screening programme. This has been most prominently the case in 
Geneva.  

The creation of a regional coordinating body has shown that a supracantonal 
organization is useful to harmonize the screening process, to have a uniform message and 
to have common trainings. Today, uniform messages are spread by all programmes. The 
same logo is used for the screening organisations, all information brochures have the same 
content and there is a uniform poster exhibit for each programme. There is still room for 
improvement in unifying the medical questionnaire for women and doctors. 

Women seem to appreciate the screening service because it is convenient, cheaper and 
with a guaranteed quality. The extra time necessary for the results does not seem to be a 
major problem. In most cantons a large proportion of eligible women for breast cancer 
screening are interested in the organised program. The screening programme stimulates 
empowerment of women by providing information about breast disease, importance of 
early diagnosis and self examination. 

One downside of the Swiss set-up is that women cannot be invited to the breast cancer 
screening centre for the mammography itself (as is the case in many European countries), 
as they are entitled to a free choice of doctor. There is thus the additional step for each 
woman to make an appointment with a private radiology institute, a public hospital with 
mammography facilities or via the screening programme (e.g. in the Vaud programme). 

The most efficient way to sensitise women to the screening is through their gynaecologist 
(more than 90% of screened women ask to send the result to their gynaecologist). Most 
gynaecologists are convinced about the usefulness of mammography for early detection of 
breast cancer. A proportion of gynaecologists (and sometimes internists) do not refer to 
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the existing screening programme, but prescribe an opportunistic screening 
mammography. 

It is possible in the Swiss context to reach or come close to the European standards in 
terms of performances of the programme. The surrogate effectiveness indicators allow a 
precise evaluation of the screening programme after a few years, before the effect of 
mammography screening on breast cancer mortality can be measured. One has to take into 
account the decentralized set-up in Switzerland which does not allow the same efficiency 
as a centralised programme. One major constraint in Switzerland is the difficulty to assess 
the overall impact of mammography screening (organised and opportunistic) on breast 
cancer mortality since data about opportunistic screening are limited and sketchy. 

It has been shown that the prognostic profile is considerably better for screen detected 
cancers than for interval cancers or cancers diagnosed due to symptoms.81 

Through the evaluation process, the programmes promote a constructive relationship 
with pathologists, the tumour registry, epidemiologists and public health managers. This is 
a stimulus for quality assurance as the evaluation identifies means to improve the 
screening process, and discusses those with the management in order to introduce them. 
The management also refers to the evaluation team prior to introducing a modification in 
the screening process (e.g. in canton Vaud to decide which delay would be the most 
efficient between invitation and reminder letters). 

The programmes promote quality in many ways. The quality assurance process applied 
for mammographic equipment, radiographers and radiologists improves radiological 
standards within the screening programme. The reading statistics for radiologists, a 
quantitative assessment of the quality of a sample of mammographies performed in each 
radiological unit, providing information about readings of all positive mammograms and 
organising periodic readings workshops, all these measures control and improve the 
quality of reading (learning curve, lowering of false positive results). In addition, the 
outcome of positive mammographies is monitored to ensure optimal diagnostic and 
therapeutic management. In some instances, the screening programme has contributed to a 
better and more efficient use of existing radiological equipment. 

The role of the pathologist in the screening programme is variable and still too restricted 
in some cantons. In others, the pathologist takes part in seminars for radiologists and 
presents radio-pathologic correlations. Overall, the role of the pathologist in the screening 
programme is important, as a direct feedback of the results of biopsies to the radiologists 
reading the mammographies, and in particular to first readers, improves the reading 
quality.  

Overall the dynamic relationships of the programme with radiologists, gynaecologists and 
general practitioners (follow-up and diagnostic work-up of patients) are very fruitful. The 
programme promotes continued education through seminars for the radiographers, 
meetings with the radiologists for mammography readings, “quality meetings” (cercle de 
qualité gynécologues-radiologues), and discussion of radio-pathological correlations.  

ROOM FOR IMPROVEMENT  

The participation rate is below the EU recommendation of 70%. However, it must be 
taken into consideration that a considerable fraction of the eligible population is covered 
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by opportunistic screening. The ability of the breast cancer screening centres to intervene 
in case of low uptake of the service by invited women is limited. 

Due to the decentralized nature of the cantonal screening programmes and depending on 
numbers of women screened, the volume of mammographies done and read (1st 
reading) in the radiological units are often low and do not reach European quality 
standards. In addition, there are limited sanctions if the delivered product (quality of 
mammography, interpretation by first reader) does not meet the required quality norms.  

Depending on the cantonal health care set-up, the procedure of diagnostic work up could 
be improved. A breast centre would ensure a more structured and efficient follow-up to 
the patients. This is also a matter of centralization of technical tools and closer team work. 
In canton Valais, the medical council has edited guidelines for the diagnostic work-up of 
the various anomalies discovered by screening mammography. 

A unified tariff and reimbursement scheme is absolutely essential to avoid duplicate 
efforts, inequitable conventions favouring one canton over another, and at worst, the 
stalemate of a programme as happened in Geneva in 2006. Future negotiations should take 
into account the rising cost of equipment related to the transition from film to digital 
mammography. Currently the cost of running the programme itself is not incorporated into 
the cost of the screening mammography. Additional financial sources are thus needed. The 
running costs of the programmes are relatively high. 

Implementation of the cantonal screening programmes has not always led to the desired 
reduction of opportunistic screening mammography. This might be due to cultural and 
historical elements in the Swiss health system and personal preferences of the women 
concerned, determining which service is chosen. 

National guidance would be very desirable to negotiate tariffs, define quality assurance 
procedure, establish quality control and performance criteria, certify screening units, etc. 
If a national institution cannot take responsibility, at least a regional coordinating structure 
should take on these tasks and thus also enable smaller cantons to jointly reach a 
sufficiently large volume to be more cost effective. 
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Chapter 6: Potential cost-effectiveness of 
breast cancer screening in 
Switzerland  

As organised and opportunistic mammography screening coexist to varying degrees in 
Switzerland, the potential effects and costs of several hypothetical screening scenarios 
were studied. A computer simulation model was used to determine which screening 
scenario would be most cost-effective to decrease breast cancer mortality and increase 
survival in Switzerland.xviii 

6.1. Methods 

The best way to predict benefits and costs of screening is by using computer simulation.54 
The Department of Public Health of the Erasmus Medical Centre in Rotterdam has 
developed the microsimulation computer model ‘MISCAN’ to enable evaluation of breast 
cancer screening programmes.  

THE MISCAN MODEL 

In MISCAN, breast cancer is modelled in such a way that it replicates the Swiss female 
population, and then determines which percentage of the Swiss population will develop 
breast cancer during lifetime, and if and how such tumours progress from one stage into 
the other. The structure of the model is graphically represented on the next page. It 
determines if the tumour is detected in clinical practice or by screening, depending on the 
programme scenario. The parameters that are incorporated in the current MISCAN breast 
cancer model were based on the outcomes of the Swedish mammography screening trials, 
the two Dutch pilot projects in Nijmegen and Utrecht, as well as the results of the Dutch 
nation-wide screening programme that started in 1989.28;83;84 Although susceptible to 
some degree of uncertainty, the MISCAN model has proven to be capable to reproduce 
breast cancer in various situations fairly accurately.85-88  

As a first step, clinically diagnosed tumours, screen-detected tumours and interval cancers 
that were observed in Vaud were used to calibrate the MISCAN model. The canton of 
Vaud was used as a starting point for validation, because it has a long-standing cancer 
registry (clinical data available from 1974, when no screening took place) and a centrally 
organised mammography screening programme. After some minor adjustments in 
MISCAN with regard to tumour stage duration and test sensitivity,  a breast cancer model 
was obtained that correctly reproduced observed breast cancer incidence and mortality in 
pre-screening years, as well as the observed incidence of screen-detected tumours and 
interval cancers in Vaud. Based on this calibrated model, the long-term effects and costs 
of various screening scenarios in Switzerland could be further estimated. 

                                                 
xviii The authors of this study are Rianne de Gelder, Gerrit Draisma, Jacques Fracheboud, and Harry J. de 
Koning from the Department of Public Health, Erasmus University Medical Center.  The full report of this 
study can be obtained from the Swiss Cancer League. 
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THE SCENARIOS 

The costs and effects of a hypothetical 20-years screening period, during which women 
aged 50-69 years were screened annually or biennially within an organised 
mammography-screening programme (MSP) and/or on their own initiative (“opportunistic 
screening”, OS), were assessed. Effects were calculated by comparing seven scenarios 
with a hypothetical situation in which no screening took place. Screening was assumed to 
have started in 1999 and continued up to and including 2019. The percentage of women 
who were screened was varied to account for hypothetical Swiss scenarios as follows: 

Sc1  30% biennial OS: probable situation in some central Swiss cantons 

Sc2  60% biennial OS: close to the situation in Ticino and Basel 

Sc3  80% biennial OS: possible evolution if no organised screening is offered 

Sc4  80% biennial MSP: ideal participation rate in an organised screening programme 

Sc5  60% biennial MSP and 20% biennial OS: close to current situation in Valais 

Sc6  40% biennial MSP and 40% biennial OS: close to current situation in Vaud 

Sc7  40% biennial MSP and 40% annual OS: other possible scenario for Vaud 

Probably neither 80% biennial opportunistic, nor 80% biennial organised screening 
(scenarios 3 and 4) are the most realistic predictions of the future of mammography 
screening in Switzerland, but these scenarios are useful to directly compare OS with MSP. 
In scenario 5 to 7, it was assumed that an individual woman who participated in an 
organised mammography screening programme was not screened opportunistically, and 
vice versa. The interval between two opportunistic screening examinations was assumed 
to be broader than between two organised mammographies: a range of 1.75-2.25 years 
was defined for biennial OS, a range of 0.75-1.25 years was used for annual OS, and an 
exact interval of 2 years was defined for MSP. The effects of screening were then rescaled 
to a population of 1’000’000 women (Swiss female population: approx. 3.5 million) and 
were measured over a period that was long enough to allow maximum benefits of 
screening to occur.  

Costs and effects were calculated with no discounting and with a 3% discount rate 
(starting in 1999). MISCAN calculates the effects of screening for the whole female 
population. To measure the direct impact of the different screening strategies on the 
subpopulation that is targeted for screening, the main outcome parameters – breast cancer 
mortality reduction and costs per (quality-adjusted) life-year gained – were also estimated 
for women aged 50-79 years. Although women actually are targeted in the age of 50-69 
years, significant breast cancer mortality reduction can first be observed ten years after the 
start of screening. 
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6.2. Assumptions  

OPPORTUNISTIC SCREENING 

Little is known about the performance of opportunistic screening in Switzerland. To 
model OS, three assumptions about the test sensitivity of opportunistic screening were 
therefore tested in MISCAN.  

 A 6% higher test sensitivity of OS compared to MSP, which might be related to 
additional imaging diagnostics that are frequently used along with a mammography, 
and which may reflect the slightly better tumour stage profile that was observed after 
OS in Valais (chapter 6, table 6.6). 

 A test sensitivity of OS similar to MSP, which might reflect the situation in Vaud 
where a comparable stage shifting was observed (chapter 6, table 6.5). This may be the 
situation in a canton that has implemented an organised screening programme, thus 
improving the performance of radiologists and positively affecting the quality of 
opportunistic screening. 

 A 6% lower test sensitivity of OS compared to MSP, which might be related to the 
lack of comparison with a previous screening mammography, the absence of double-
blind second reading, no specific mammography training for radiologists, low 
mammography reading volumes of radiologists, less quality control of equipment.  
Such lower sensitivity was seen in a pilot project in Germany.89 Although no data to 
support this assumption exist in Switzerland, this may reflect the situation in cantons 
with no quality-controlled organised screening programme. 

DIAGNOSTICS  

The health insurance company CSS provided data on the remunerated Tarmed-codes 
claimed by women aged 50-69 years, who had a diagnostic mammography in the period 
2004-2006. Although diagnostic mammography also includes a small fraction of 
examinations in symptomatic women, these data give an estimate of the number of 
imaging diagnostics that follow opportunistic screening. Santé Suisse data were used to 
estimate the number of clinical breast examinations and biopsies performed with each OS 
mammography.  

According to information provided by santésuisse, in 2006 the following breast 
examinations in women aged 50-69 were reimbursed: 
 166’994 clinical breast examinations  
 56’853 diagnostic mammographiesxix, and 

 35’552 ultrasound examinations. 

The following should be kept in mind: santésuisse statistics only cover about 60% of 
women living in Switzerland with wide variation in cantonal coverage (i.e. the coverage 
rate is much lower in the French speaking cantons). Actual numbers are thus not very 
meaningful, as one does not know if the 40% of women not covered by santésuisse 

                                                 
xix Opportunistic mammography screening is declared as “diagnostic mammography” for reimbursement 
purposes.  
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statistics behave in a similar way than those represented here, and as an unspecified 
number of women will not have asked for reimbursement because of the franchise. 
However, the relationships between the three types of examinations are of interest. About 
one in every three CBE is followed by a mammography, and about 60% of the 
mammographies are followed by an ultrasoundxx. Unfortunately, santésuisse only has 
aggregate data. It is thus impossible to know what combinations of tests a woman has had 
and in which sequence.xxi 

The number of diagnostics that is involved with the detection of one breast cancer in an 
organised screening programme was directly derived from the Vaud screening database. 
An estimate of the diagnostics that are needed to detect one cancer case among 
symptomatic women based on Swiss data was not available; Dutch data were used instead. 
This may be a rather conservative estimate as the Dutch health system is probably more 
restrictive in the use of diagnostics than the Swiss health system. 

TREATMENT PROBABILITIES  

Treatment probabilities that were associated with screen-detected cancer were derived 
from the Vaud screening database, but Swiss data for opportunistically and clinically 
diagnosed cancers were unavailable. The ratio of screen-detected versus clinically 
diagnosed cancer from the Dutch COBRA study was therefore used to assess treatment 
probabilities.89 A tumour that was detected by screening was treated less aggressively than 
a clinically diagnosed case. 

COSTS 

The costs of diagnostic mammography were assumed to be higher than that of organised 
mammography screening (Tarmed 1.03). One mammography in a screening programme 
costs on average 230 CHF, while a mammography made on the woman’s own initiative 
approximately costs 290 CHF. This does not include the costs of clinical breast 
examinations and additional imaging diagnostics, which were used in approximately 53% 
of the women who had an opportunistic mammography [CSS]. 

Since no data were available on the costs of treatment in Switzerland, data from the 
Netherlands90 were used and multiplied by 1.21 to account for the relatively higher health 
care costs in Switzerland.91  

                                                 
xx It is very unlikely that a woman would have an ultrasound of the breast without also having a 
mammography. 
xxi Individual data were made available by the CSS health insurance, but coverage was too incomplete and 
their records did not include hospital-based investigations (limited to outpatient investigations). 
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6.3. Predicted effects of screening on breast cancer mortality  

The MISCAN analysis shows that mammography screening is an effective way to reduce 
breast cancer mortality in each analysed scenario. Biennial screening of 80% of the female 
population aged 50-69 in an organised programme resulted in a breast cancer mortality 
reduction in all age groups of 15.0%, while biennial OS resulted in a mortality reduction 
of 14.5%. Opportunistic screening of 60% of the 50-69 years old female population would 
result in a reduction of 10.9%, and opportunistic screening of 30% of the population leads 
to a mortality reduction of 5.5% (Table 6.2). These expected mortality reductions were 
based on the total female population of all ages. The mortality reduction analysed for the 
50-79 years old age group separately was considerably higher, up to a mortality reduction 
of 20.0% (80% biennial MSP) (Table 6.1).  

 

 
When confined to the 55-74 age group, the mortality reduction would be expected to reach 
22.4%, a benefit in line with international screening programmes. 

For all scenarios with an 80% coverage rate, regardless of the mix of organised and 
opportunistic screening (scenarios 3 to 7), the mortality reduction is very similar and close 
to 20% in the 50-79 year age group. However, the benefits of screening decrease 
considerably as coverage decreases (scenarios 1 and 2). Most benefits were obtained if 
40% of the 50-69 years old population were annually opportunistically screened, 
combined with biennial MSP of another 40% of the population. This scenario resulted in a 
total reduction of 4’567 breast cancer deaths and a gain of 77’900 life years (women of all 
ages and assuming a 6% higher test sensitivity of OS compared to MSP). As a 
comparison, biennial organised screening of 80% of the 50-69 year old population would 
result in 4’190 prevented deaths and 70’600 life years gained. When the mortality effects 
are calculated for women aged 50-79 only, a 21.9% mortality reduction could be expected 
after 40% annual OS combined with 40% biennial MSP (test sensitivity similar or 6% 
higher than MSP), while the expected mortality reduction of 80% biennial MSP is 20.0%. 

Table 6.1 Breast cancer mortality reduction in women age 50-79 by 7 different 
mammography screening scenarios, each of them assuming a 6% lower, a 
similar or a 6% higher test sensitivity of opportunistic screening (OS)
compared with the organised screening (MSP) 

 Scenario  Mortality reduction 
  MSP 

(all biennial)  OS  
6% lower 
sensitivity 

OS 

similar 
sensitivity 
OS - MSP 

6% higher 
sensitivity 

OS 

 Sc 1 -  30%  7.1% 7.3% 7.4% 

 Sc 2 -  60%  13.9% 14.3% 14.7% 

 Sc 3 -  80%  18.5% 19.0% 19.5% 

 Sc 4 80%  -  20.0% 20.0% 20.0% 

 Sc 5 60% and 20%  19.6% 19.7% 19.9% 

 Sc 6 40% and 40%  19.2% 19.5% 19.7% 

 Sc 7 40% and 40% annual  21.5% 21.7% 21.9% 
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Table 6.2 Cost-effectiveness of different screening scenarios  
(per 1 million Swiss female population, all ages) * 

 Sc 0 Sc 1 Sc 2 Sc 3 Sc 4 Sc 5 Sc 6 Sc 7 

 No 30% 60% 80% 80% 60% MSP 40% MSP 40% MSP

 
screening OS OS OS MSP 20% 

OS 
40% 
OS 

40% 
ann. OS

 No screening Difference with no screening 

 Sc 0 Sc 1 Sc 2 Sc 3 Sc 4 Sc 5 Sc 6 Sc 7 

Effectiveness (all ages)         

Breast cancer deaths 27,941 -1,536 -3,045 -4,063 -4,190 -4,158 -4,126 -4,567

 % reduction - -5.5% -10.9% -14.5% -15.0% -14.9% -14.8% -16.3%

Life years 37,325,400 +26,300 +52,100 +69,300 +70,600 +70,275 +69,950 +77,900

QALYs 37,225,821 +24,962 +49,439 +65,766 +66,949 +66,653 +66,357 +73,904

    

Costs in CHF (x 106)    

Screening  0 +435 +869 +1,159 +918 +978 +1,039 +1,559

Diagnostics 626 +251 +502 +669 -51 +129 +309 +648

Primary treatment 1,272 +17 +34 +45 +48 +47 +46 +49

Adjuvant treatment 126 -2 -4 -6 -6 -6 -6 -7

Follow-up 405 +15 +29 +39 +40 +40 +40 +43

Palliative care 993 -55 -108 -144 -149 -148 -147 -162

Sentinel node procedure 78 +2 +4 +5 +6 +5 +5 +6

Total costs (x 106) 3,501 +663 +1,326 +1,768 +806 +1,046 +1,289 +2,136

 Sc 0 Sc 1 Sc 2 Sc 3 Sc 4 Sc 5 Sc 6 Sc 7 

Discount rate 3% 3% 3% 3% 3% 3% 3% 3% 

Effectiveness 

Breast cancer deaths 13,885 -852 -1,688 -2,251 -2,298 -2,286 -2,274 -2,518

Life years 21,583,800 +11,100 +22,000 +29,300 +29,600 +29,525 +29,450 +32,750

QALYs 21,534,815 +10,245 +20,300 +27,039 +27,271 +27,213 +27,155 +30,195

    

Costs in CHF (x 106)    

Total costs (x 106) 1,783 +512 +1,024 +1,366 +646 +826 +1,006 +1,639

    

Cost-effectiveness (CHF)    

Costs per life year gained - 46,151 46,551 46,611 21,833 27,980 34,159 50,059

Costs per QALY gained - 50,002 50,450 50,509 23,697 30,357 37,046 54,295

* To calculate effects and costs for scenario 1-7, the difference in costs and effects between a scenario without screening
(scenario 0, 2nd column) and scenarios with screening were calculated. This means that effectiveness of scenarios 1-7 is 
expressed in relative terms and the numbers of prevented deaths and gained (quality-adjusted) life years are shown. The 
cost-effectiveness is calculated by dividing the difference in costs by the difference in effects. 
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Figure 6.1 shows the number of breast cancer deaths prevented and the amount of quality 
adjusted life years gained for each screening scenario. 

Figure 6.1 Breast cancer deaths avoided and quality adjusted life years gained by 
seven mammography screening scenarios 
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Organised biennial mammography screening (scenario 4) was slightly more effective than 
biennial opportunistic screening (scenario 3), even if the test sensitivity of an opportunistic 
mammography was assumed to be 6% higher than that of a programme mammography. 
This may be due partly to the larger variations in the screening intervals in opportunistic 
screening as compared to organised screening that were assumed in the model.  

6.4. Predicted cost-effectiveness of breast cancer screening 

Table 6.2 shows the cost-effectiveness of the different screening scenarios per 1 million 
Swiss women of all ages. The upper part of the table shows non-discounted effects and 
costs and the lower part cost-effectiveness with a 3% discount rate. Although annual OS in 
combination with MSP was the most effective screening method, the relatively high costs 
associated with it decreased the cost-effectiveness of this strategy substantially. 

In a scenario with 80% biennial OS, the additional imaging interventions and clinical 
breast exams will increase the costs of diagnostics by 669 million Swiss Francs (non-
discounted). As less diagnostic interventions were associated with screen-detected cancers 
compared to clinically diagnosed tumours, the costs of diagnostics in a scenario of 80% 
MSP were 51 million Swiss Francs lower than in a scenario of no screening (non-
discounted). The costs of palliative care decrease after screening: the higher the breast 
cancer mortality reduction, the lower the costs of palliative care. The estimates of costs, 
however, are imprecise, and may be underestimated. 
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As shown in Figure 6.2 the most cost-effective approach is organised screening covering 
80% of eligible women (scenario 4). The other scenarios achieving 80% coverage with a 
mix of opportunistic and organised screening or with only opportunistic screening 
(scenario 3) are as effective, but much more costly.  

 

Figure 6.2    Costs versus life years gained
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N.B. Costs are calculated using a 3 % discount rate 

For the scenarios in which a part of the population is screened opportunistically, and 
another part on a programme-base, the relative costs for each QALY gained increases with 
the higher proportions of OS (Table 6.2). The cost-effectiveness of OS in a scenario with 
less intensive screening (scenario 1) is comparable to the cost-effectiveness of OS with a 
higher intensity (scenario 2 or 3). The effects are highest with a high participation rate of 
80%. The cost-effectiveness of the most beneficial scenario of 40% annual OS and 40% 
biennial MSP (scenario 7) is comparable to that of OS only (scenario 3), but the scenario 
of 80% MSP is more than 2 times more cost-effective (Figure 6.2).  

If 80% of the 50-69 years old female population is biennially screened in an organised 
screening programme, the costs for each life year gained at 3% discounting are 21’833 
CHF (13’161 euro) (Table 6.2). This is considerably higher than the estimated cost-
effectiveness of national or regional breast cancer screening programmes in Europe (range 
between 2650 and 9600 euro per life year gained)92 or the estimate of approximately 
2’200 euro for each life year gained, for the Dutch nation-wide breast cancer-screening 
programme.90 There may be several reasons for the important difference in cost-
effectiveness of organised screening between the Netherlands and Switzerland. Firstly, the 
costs of mammography screening are approximately three times higher in Switzerland 
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than in the Netherlands (€ 155 vs. 50). Secondly, Swiss living costs are about 20% higher 
(purchasing parity 1.21). Thirdly, the Dutch figure is based on a broader target population 
range (50-75 years) than in Switzerland (50-69 years). In addition, estimates in other 
European programmes date from the early 1990’s. Considering inflation rates, the 9’600 
euro per life year saved estimated for organised breast cancer screening in Germany in 
199493 are quite comparable to the 13’161 euro estimated for the Swiss setting in 2007. 

 
IN CONCLUSION 
The MISCAN analysis showed that mammography screening is an effective way to reduce 
breast cancer mortality in Switzerland. A mortality reduction of around 20% was achieved 
in the 50-79 years old age group with an 80% biennial participation in organized 
mammography screening, opportunistic screening or a mix of both.  
However, the lowest cost per life year gained is obtained with organised biennial 
mammography screening only (21’833 CHF), which is twice as cost-effective as 
opportunistic screening (46’611 CHF). By far the most costly scenario is 40% of women 
undergoing biennial organised screening and a further 40% having annual opportunistic 
screening (50’059 CHF per life year gained).  
The relatively high costs of opportunistic screening and associated diagnostics thus result 
in a substantially less favourable cost-effectiveness ratio of opportunistic screening 
compared with organised mammography screening in Switzerland.  
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Chapter 7: Expanding mammography screening 
in Switzerland – Important issues 
to consider 

Based on the evidence presented in the previous chapters showing that mammography 
screening is effective in reducing breast cancer mortality and that organised screening is 
more cost-effective than opportunistic screening, the final question to be answered is how 
breast cancer screening could be made available to all women above age 50 in 
Switzerland. Some issues that need to be considered are discussed in this last chapter. 

7.1. Addressing the access gap for women age 50 and above to 
organised, quality-controlled screening mammography 

Access to screening mammography is highly variable within Switzerland. Mammography 
screening programmes that ensure access to organised, quality-controlled mammographies 
either free of charge or against a modest co-payment exist in all six French speaking 
cantons as of May 2007. Only women resident in these cantons have access to 
mammography screening programmes. No such programmes currently exist in the 
German and Italian speaking cantons of Switzerland. 

In the latter cantons, women may be referred by their general practitioner or gynaecologist 
for a screening mammography that will be labelled “diagnostic” to ensure reimbursement 
by the basic health insurance. These screening tests will, however, only be reimbursed if 
the “franchise” has been reached, are more expensive than mammographies carried out in 
a screening programme and always entail a 10% co-payment by the woman. There is 
anecdotal evidence that women who do not have access to screening in their canton of 
residence (eg. Bern) have tried to gain access to a breast cancer screening programme in 
the neighbouring canton (eg. Fribourg and Jura). 

Data from the last Swiss Health Survey in 2002 (SHS 2002) illustrate inequalities 
between cantons.94 Figure 7.1 shows that the proportion of women who ever had a 
mammography varies between less than 60 percent in Central and Eastern Switzerland to 
more than 80% in the French speaking cantons and in the cantons of Basel, rural and 
urban combined. The odds for a woman to have had a mammography are seven times 
higher in Geneva, Vaud and Valais than in the Eastern and Central regions. The trend is 
similar for use of mammography during the past 12 months. Usage rates in the French 
speaking cantons with long-standing screening programmes are about three times higher 
than in Central Switzerland (47% vs. 15.7%). 

These cantonal differences may be due to the awareness of women about the potential 
benefits of mammography screening as well as the availability and accessibility of a 
mammography screening, including the cost of mammography. According to the SHS 
2002, the probability of having used a mammography ever or in the past year is 
significantly higher among women who have a semi-private or private health insurance 
than those who have only basic health insurance.  
To reduce this gap in access to breast cancer screening it would be necessary to establish 
new mammography screening programmes. Some efforts are already underway. The 
Public health department of the canton Bern announced in March 2007 that women living 
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in the Jura bernois will have access to organised mammography screening as of January 
2009 through collaboration with the JU/NE programme. Other cantons are interested to 
start organised mammography screening programmes, but are awaiting decision on future 
reimbursement of the service. For example, St.Gallen is currently planning to start a breast 
cancer screening programme in 2008, if reimbursement of screening mammography is 
continued. 

Figure 7.1    Proportion of women age 50 to 69 having used 
mammography ever and in the past 12 months by region (SHS 2002)
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7.2. Can high-quality organised screening programmes be 
implemented across Switzerland?  

ARE THERE ENOUGH RADIOLOGISTS AND MAMMOGRAPHY DEVICES? 

According to the membership statistics of the Swiss medical federation (FMH) 540 
radiologists (191 in the French speaking part) were practicing in 2006, of which 248 have 
a private practice (radiology institute)xxii. There were 239 mammography devices in 
Switzerland in 2006. It is reasonable to assume that not all radiologists would be interested 
in performing mammographic radiology. This would actually be desirable in order to 
increase the volume of mammographies interpreted per radiologist per year.  

As shown in table 7.3 (p.81) with a maximum participation rate of 70% of eligible women 
about 580’000 mammographies would be performed in two years, corresponding to 
290’000 mammographies per year. If 290 radiologists participated in a national 

                                                 
xxii FMH-Aerzte- und Mitgliederstatistik / Statistique médicale et des membres de la FMH (31.12.2006). 
Schweizerische Aerztezeitung 2007 ;88 :Nr 12 
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programme, meaning about half of all practicing radiologists, this would mean 1000 
mammographies per 1st reading radiologist per year. If a volume of 2000 mammographies 
per year per 2nd reader was deemed adequate, not more than 145 radiologists should 
participate in a country-wide screening programme. However, it is very likely that the 
participation rate would be considerably lower than 70%, and would be variable between 
regions and cantons. The volume per 1st reader would thus be most probably considerably 
lower, and much less radiologist should participate as 2nd and 3rd readers (see below). 

With approximately 240 mammographic devices in Switzerland, a 70% participation rate 
will result in an average volume of 1200 mammographies per year per device. In high 
volume screening programmes such as the centralised programmes in Europe, average 
volumes of 10’000 to 12’000 mammographies per year are standard (UK, NL, Sweden). 

The implementation of a nation-wide breast cancer screening programme is thus restricted 
neither by the number of mammography devices nor by available human resources. Of 
course, additional training will be needed. As it is not likely that all cantons will introduce 
this screening service at the same time the training capacity available in Switzerland and 
in the surrounding countries should be sufficient.  

HOW TO IMPROVE THE QUALITY OF RADIOLOGICAL EXAMINATION AND READING 

Several radiologists participate as second and third readers in each canton. Depending on 
the number of radiologists involved, participation rate and the size of the canton this can 
lead to relatively low volumes by international standards as shown in Table 7.1.  

Table 7.1  Reading volume in Swiss breast cancer screening programmes 
 

 

 

 

 

 

 

 

 

 

The numbers in table 7.1 only take into consideration screening mammographies within 
these programmes. Most radiologists will in addition read opportunistic and diagnostic 
mammographies.  

                                                 
xxiii Second and third readings of mammographies carried out in the JU/NE programme are done by the 
radiologists of the Vaud screening programme. The readings performed by the radiologists of Vaud are 
computed by the JU/NE programme. 

 Number of mammographies read per 
2nd/3rd reading radiologist per year  

FR Average 1600  
 Min/max 1100 / 2500 

GE Average 

 Min/max 

1298  

1043/1513 

VDxxiii Average 6120  

 Min/max 4434 / 7435 

VS Average 1050  

 Min/max 594 / 2749 
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In the Vaud screening programme, the team of second and third readers is composed of 
few radiologists reading a large number of mammographies. The benefit brought by this 
method of multiple readings was clearly demonstrated. Indeed, the proportion of positive 
mammographies which is nearly 8% after the first reading decreases to 5% after the 
multiple reading process (prevalent and incident screens combined). Some cancers are 
detected by only one of the reading radiologists. The amount of such cancers detected by 
the second readers is larger than the amount detected by the first reader. 

 

Reading volume is related to reader performance 

Given the decentralised nature of the screening programmes in Switzerland and the high 
number of available radiologists the issue of rather low reading volumes is important. To 
inform the debate on desirable reading volumes available evidence is briefly summarized. 

The European recommendation is 5000 mammographies for all radiologists in centralised 
programmes and for 2nd and 3rd reader in a decentralised mammography screening 
programme. This number is based on expert opinion without support of peer reviewed 
literature. A study in British Columbia, Canada, demonstrated that a minimum annual 
reading of 2’500 screening mammographies per radiologist is associated with lower 
abnormal interpretation rates and average or higher cancer detection rates than a reading 
volume of less than 2’000.95 Another study in New South Wales, Australia, investigated 
the relationship between reader volume and cancer detection rate in incident screens. It 
found that there is no significant increase in cancer detection after approximately 1000 
mammographies read per radiologist per year, with an optimal volume around 1375.96 The 
performance of low- (less than 1200 mammographies per year), medium- (1200-3600) and 
high-volume (>3600) US radiologists was compared to the performance of high-volume 
UK radiologists.97 The average sensitivity varied from 70.3% for low-volume to 77% for 
high volume US radiologists, and remained below the 79.3% sensitivity of UK 
radiologists. Average specificity varied between 83.6% and 88%. The average percentage 
of cancers detected ranged from 71.5% to 83.5%. In this study higher volume 
continuously improved diagnostic performance. These three studies thus don’t come to the 
same conclusions regarding the relationship between reader volume and performance. In 
France and Luxembourg, a minimum of 2000 mammograms are required for the second 
reader.xxiv Recent data from the screening programme in Valais also seem to indicate that 
the rate of false positive readings decreases as the annual volume increases (from <1500 to 
>5000). However, cancer detection rates are not clearly related to reading volumes.98 

When starting a program, it can be difficult to build a reduced team of experienced 
radiologists, as nobody is experienced enough in mass screening and as most radiologists 
want to participate. Reducing the number of second readers in a second phase to increase 
yearly numbers of readings is felt to be a difficult task in Geneva and Valais, as the 
performances of the readers are similar and as there are no clear cut criteria for exclusion 
(specific reading volume, recall rate etc.). Nationally defined criteria would be very useful. 

                                                 
xxiv http://www.senologie.com/site/pdf/24-05-06-cdc_radiologues.pdf   page 24 
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When starting a new programme, stricter selection criteria should be applied to limit the 
number of sites participating. For example, not more than one mammographic device per 
5000 eligible women should be included at the start of the programme. Depending on the 
participation rates this could be extended in a second phase.  

HOW TO ENSURE QUALITY ASSURANCE AND EVALUATION  

Cancer registries are the prerequisite for a complete evaluation of a mammography 
screening programme, as this is the only means to notify interval cancers in screening 
participants and cancers in non-participants. The national centre for cancer epidemiology, 
one of the objectives of the National Cancer Control Programme 2005-2010, will 
hopefully be instituted soon. In the meanwhile, existing cancer registries should cover the 
needs of new screening programmes. 

Currently quality assurance and evaluation of the mammography screening programmes 
are the responsibility of the cantonal breast cancer screening centres and Directions of 
Health. However, to avoid divergent quality and evaluation criteria the existing screening 
programmes use the same evaluation criteria and share a common data base. Furthermore, 
three (JU/NE, VD, VS) of the five existing programmes are assessed by the same 
evaluation team. The « Coordination romande des programmes de dépistage du cancer du 
sein » is a useful platform to ensure coherence. 

A national institution should be responsible for establishing quality assurance criteria 
based on the European guidelines; ensuring that cantonal or regional programmes are 
implemented according to these criteria; granting and periodically renewing certification 
of screening centres/programmes; requesting and supporting regular evaluation of the 
certified programmes based on a pre-defined set of indicators. The national institution can 
delegate certain tasks to other organizations, such as university departments of preventive 
medicine or cancer registries.  

7.3. Financing options  

Screening mammography including double (and if necessary triple) reading should 
continue to be reimbursed hors franchise by the basic health insurance.  

The appropriateness of the currently requested 10% co-payment should be examined. The 
reason for a contribution by the patient for medical services is to avoid over-use. 
However, in the case of an organised screening programme for the early detection of 
cancer over-use is inherently impossible and adequate use is highly desirable. As women 
are invited, they cannot come more frequently than foreseen by the screening programme. 
This being a public health programme to reduce breast cancer mortality, one would want 
to entice women to use the service as often as useful (every two years) and remove any 
barriers to access.xxv It may not be so much the 15 CHF that prevent women from 
attending than the administrative hassle linked to it. One could also wonder if it is worth 
the administrative effort on part of the screening programme and the health insurers.  

The major question is how the administrative expenses linked to each mammography 
(invitation, follow-up) as well as costs of the programme itself will be financed. This 

                                                 
xxv A study in Finland showed that women who had to pay a fee (17 Euro) for mammography attended less 
often than women who were entitled to free screening.99 
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question has been a major stumbling block for implementing breast cancer screening 
programmes beyond the French speaking part of Switzerland. 

One option is to entirely devolve financial responsibility for breast cancer screening 
programmes to each canton. This makes it difficult for small cantons to establish such 
programmes and hampers the emergence of intercantonal programmes. Another option is 
that health insurance covers part of the administrative costs of such programmes. There 
may be good reasons to consider this option. Screening mammography is considerably 
less expensive than opportunistic screening for health insurers at currently agreed rates of 
reimbursement (see box). If health insurances have a real interest in organised screening as 
a means to reduce cost, they should consider supporting such programmes. This is the 
only effective instrument to control the number of mammographies, due to the limits 
imposed by the programme (one mammography every two years, beginning at age 50).  If 
screening is done on an individual basis, there will be numerous women who will go for a 
mammography before they are 50 years old and/or who will go once every year instead of 
once every two years.  

Diagnostic mammography is more expensive than screening mammography 

According to Tarmed 1.03, a screening mammography is reimbursed 147.91 points. A diagnostic 
mammography similar to a screening mammography (two views) and including a gynaecological 
consultation is reimbursed 236.46 points. The gynaecological consultation is obligatory as 
diagnostic mammography can only be obtained by prescription. If an ultrasound of the breast is 
added 441.99 points will be reimbursed. Screening mammography thus costs about 33% of the 
complete diagnostic intervention and about two-thirds of a diagnostic mammography.  

Sharing the costs of the programme between public health services and insurers could be 
done along the following lines.  
 The screening mammography is covered by health insurance based on a common tariff 

agreement with health insurances and santésuisse that is valid for the whole of 
Switzerland. In due time the tariff for screening mammography should be adapted 
simultaneously with the tariff for diagnostic mammography in order to consider the 
rising cost of equipment related to the transition from film to digital mammographies.  

 The third reading should be reimbursed in all programmes as this is part of a quality 
service to the screened woman.  

 The administrative costs linked to the provision of a screening mammography 
(communication of result, archiving, payment procedures, follow-up) should be 
covered by the health insurance fee.  

 All costs related to the public health aspects of the programmes should be financed by 
cantonal and/or federal public health authorities (e.g. invitation of target population, 
communication activities, quality assurance procedures, professional training and 
accreditation, evaluation) 
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7.4. Information of women 

Users of health services should receive accurate information on the benefits, risks and 
limitations of any medical intervention proposed in order to make an informed decision. 
This is particularly important in screening programmes, as these are targeted at people 
who perceive themselves as free from the disease being screened. In addition, screening 
programmes have the objective of improving public health, rather than providing an 
individual service.  The need to achieve a high coverage rate could lead to overstating the 
benefits of screening, while minimizing risks. 

It has been shown that women’s understanding of the likely benefits and harms of 
screening are variable depending on age, educational level and setting. A telephone survey 
carried out in 1999 in three European countries (Italy, Switzerland, UK) and the US 
showed that misconceptions are widespread and that benefits that can realistically be 
expected from mammography screening are overstated.100 At that time misconceptions 
were more prevalent in the two countries with organized screening programmes (UK, 
Italy) than in Switzerland and the US. 

The question then is what type of information should be provided to women, in which 
form and by whom. Given the complexity of the issue, a major focus has been on 
providing well-balanced print information. Based on a review of articles (1966-2004) 
related to mammography screening, informed decision-making and risk communication, 
the content elements of written information were defined. Existing materials from 16 
breast cancer screening programmes were then assessed based on these elements.101 There 
was considerable variability in detail and comprehensiveness of the information provided 
and in framing the risk information (reducing the risk of breast cancer, as well as hazards 
of the screening). The authors conclude by pointing to the challenges in deciding what 
information is important for women to know and how it should be framed and delivered:  
 Balancing the goals of a national screening programme – maximizing participation vs. 

maximizing individual consent and autonomy; 
 Making decisions among expert disagreements about numerical values for benefits and 

adverse effects; 
 Understanding how women process complex information; 
 Relaying complex information to women of varied educational and cultural 

backgrounds and with variable preferences to learn detailed scientific information. 

Recognizing these challenges, the breast cancer screening programmes in Switzerland 
have put much emphasis on improving information provision. In 2003, a working group 
developed recommendations for oral and written information and quality criteria.102 
Furthermore, an information booklet explaining the pros and cons of mammography 
screening was produced, following the latest edition of the EU guidelines on how women 
should be informed. Currently all women invited to breast cancer screening in any of the 
cantonal screening programmes receive the same booklet. Reference is made in the 
booklet to the extensive brochure on mammography issued by the Swiss cancer league.xxvi 

                                                 
xxvi   The brochure can be found under the following link: 
http://www.swisscancer.ch/fileadmin/swisscancer/praevention/files/Brochure_Le_d_pistage_du_cancer_du_
sein.pdf 
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In the future, written communication tools in cantonal and/or regional mammography 
screening programmes should convey the same information, with some room for 
adaptation to the local setting (e.g. practical information). Various stakeholders, including 
women of different social and educational backgrounds and consumer groups, should be 
involved in designing, pre-testing and periodically evaluating the materials. The 
communications guide for breast cancer screening103 recently published by the 
International Cancer Screening Network will be very helpful in (re-)designing and 
developing print materials. 

Coherent and well-designed written information is central in a high-quality mammography 
screening programme. Women should take a well informed decision to undergo 
mammography. However, it should be clear that the choice is between having a 
mammography or none and not between participating in an organised screening or 
undergoing opportunistic screening. In this regard, the crucial role played by family 
doctors, gynaecologists and other information sources such as the internet should not be 
overlooked. 

7.5. Estimated uptake of breast cancer screening 

It is very difficult to make projections on the potential uptake of screening mammography 
across Switzerland. International evidence shows that participation rates in screening 
mammography vary greatly due to cultural differences and to the programme being 
centralised or decentralised. Figure 7.2 shows time trends in participation rates in various 
regions or cities by type of programme. 

Figure 7.2 Participation rates in centralized and decentralized breast cancer 
screening programmes 
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In general participation rates are higher in centralised than in decentralised screening 
programmes. Luxembourg has a set-up that can best be compared to the Swiss situation. 
After eight years a coverage rate of about 60% was achieved. During the first three years 
of the programme it was around 30 %. 

Table 7.2 shows the evolution of participation rates since the start of the cantonal 
programmes in Switzerland. Data on uptake in the three programmes of longest duration 
should be applied with caution to cantons without screening programme in 2007 as the 
environment has considerably changed in the past years. In particular, the awareness about 
the usefulness of mammography and the use of individual mammography screening has 
increased in many cantons. The evolving participation rate in the canton Fribourg may 
provide some indication on the potential uptake in German-speaking cantons, particularly 
in those with low background screening. Participation increased from 16.2% in the first 
year to 50.9% in the second year giving an average coverage rate of 34.4% in the first 
round. Achieving 30% coverage in the first two years of the programme may thus be a 
realistic goal. 

Table 7.2 Uptake of mammography screening over time in five cantons 

 1999 2000 2001 2002 2003 2004 2005 2006 

 Participation rate in % 

VD 20.1 28.3 40.1 40.9 64.3 40.5 64.1 49.1 

VS  26.5 48.4 54.4 57.7 65.7 66.0 62.1*

GE   28.0 24.7 31.3 29.2   

FR      16.0 50.1 43.4 

JU       43.2 51.6 
* Interruption of screening programme in one radiology unit during 3 months 

The only data currently available in Switzerland to analyse the time trend in use of 
mammography are the results of the Swiss Health Survey in 1997 and 2002. The next 
survey is planned for 2007, and results should be expected by 2008. As shown in figure 
7.3 the proportion of women age 50 to 69 having used a mammography in the past 12 
months has increased in all regions, with the exception of Ticino. The use of 
mammography has also increased in those cantons that do not have a mammography 
screening programme in place from 7% to 16% in Central Switzerland and from 6 to 21% 
in the North-eastern part. This is paralleled by an increase of women reporting having ever 
used a mammography.  
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Table 7.3 shows the number of women 50-70 living in each canton and the number that 
would be eligible for mammography screening. Experience from the existing programmes 
shows that approximately 10% of the target group are not eligible due to pre-existing 
conditions (see chapter 1.3). Depending on the coverage rate achieved the table indicates 
how many women would do a screening mammography over a two year period (one 
screening round). Annual numbers are thus half of these. The last column provides 
numbers screened and coverage rate in the existing programmes. 

 

 

Figure 7.3     Time trend in use of mammography ever and in past 12
months by canton comparing data from the SHS 1997 and 2002
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Table 7.3 Estimated number of women screened by canton and coverage rate 
Based on: Ständige Wohnbevölkerung am Jahresende nach Kanton, Statistisches Lexikon der 
Schweiz Bundesamt für Statistik, ESPOP, 2005. (Elisabeth Aebischer, info.dem@bfs.admin.ch )  

 Target 
population 

Eligible 
women 

Estimated number screened per 2 
years by coverage rate 

Number screened in 
latest round 
(coverage rate) 

 age 50-70   (- 10%) 30%  50%  70%   

ZH 157'827 142'044 42'613 71'022 99'431  

BE 122'416 110'174 33'052 55'087 77'122  

LU 40'030 36'027 10'808 18'014 25'219  

UR 4'038 3'634 1'090 1'817 2'544  

SZ 14'972 13'475 4'042 6'737 9'432  

OW 3'566 3'209 963 1'605 2'247  

NW 4'634 4'171 1'251 2'085 2'919  

GL 4'375 3'938 1'181 1'969 2'756  

ZG 12'280 11'052 3'316 5'526 7'736  

SO 30'263 27'237 8'171 13'618 19'066  

BS 23'813 21'432 6'430 10'716 15'002  

BL 36'255 32'630 9'789 16'315 22'841  

SH 9'533 8'580 2'574 4'290 6'006  

AR 6'393 5'754 1'726 2'877 4'028  

AI 1'520 1'368 410 684 958  

SG 52'831 47'548 14'264 23'774 33'284  

GR 22'782 20'504 6'151 10'252 14'353  

AG 67'843 61'059 18'318 30'529 42'741  

TG 26'244 23'620 7'086 11'810 16'534  

TI 43'383 39'045 11'713 19'522 27'331  

VD 78'335 70'502 21'150 35'251 49'351 32’685 (48.7%) 

VS 35'531 31'978 9'593 15'989 22'385 19’230 (65.9%) 

NE 20'599 18'539 5'562 9'270 12'977 n.a. 

GE 53'095 47'786 14'336 23'893 33'450 12’083 (30.1%) 

JU 8'319 7'487 2'246 3'744 5'241 3’049 (49.1%) 

FR 27'512 24'761 7'428 12'380 17'333 8’526 (34.4%) 

Switzerland 908'389 817'552 245'266 408'776 572'286  
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CAN OPPORTUNISTIC MAMMOGRAPHY SCREENING BE REDUCED? 

As discussed previously the uptake of organised mammography screening is influenced by 
the pre-existing background level of opportunistic screening. In a number of cantons the 
question will thus be how to reduce opportunistic screening while offering quality-ensured 
organised screening. To address this issue, the interests of the various stakeholders must 
be taken into account. In this regard, one needs to acknowledge that it may not be in the 
interest of the private physicians (gynaecologists and radiologists) to reduce opportunistic 
“diagnostic” mammography screening, as reimbursement is higher than for 
mammographies done within a screening programme. In addition clinical examination and 
an ultrasound can be charged to the health insurance.  

However, health insurances should have an interest in decreasing opportunistic screening 
as it costs them more than organised screening. However, in most cantons without a 
programme the level of screening is still quite low. This means that overall health 
insurance pays less for mammographies in cantons without programmes than in cantons 
with programmes. These reflections are solely driven by economic considerations and do 
not aim at improving the health of women. 

Women in the relevant age group could have an interest in using organised screening 
rather than opportunistic screening: easy access, regular recall, no or fewer costs, and 
better quality of radiological reading. This may be offset by the wish to have an 
individualised service. 

Public regulatory authorities will have to provide incentives and exert some pressure to 
reduce opportunistic screening. At the national level the Federal Office of Public Health 
would need to provide clear guidance to health insurance as well as professional 
associations. 

Reducing opportunistic screening in Luxembourg 

One possible approach to reducing the use of “diagnostic” mammography has been tested in 
Luxemburg. As an incentive the health insurance company provides each eligible woman every 
second year with a voucher for a mammography free-of-charge. This voucher can only be used 
within the breast cancer screening programme. In addition, gynaecologists are encouraged to 
decrease the prescription of “diagnostic” mammographies for the purpose of screening.  

It is also important to acknowledge that the introduction of organised screening has 
induced new behaviours in women as well as physicians. For example: 

 a tendency of the gynaecologist to prescribe a breast ultrasound in the days following 
the screening mammography even if the result of the mammography is negative; 

 a tendency to perform a screening mammography every year, once in the screening 
programme and, the second year, as an opportunistic screening; 

 a growing proportion of women age 40 to 50, doing screening mammography because 
they are reached by the information campaigns addressed to women aged fifty and 
over. 

These behaviours of women and physicians should be taken into consideration when 
discussing how to reduce opportunistic screening.  
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7.6. A national coordinating and supervising body is needed 

In a screening programme, some activities must be assured at the cantonal or intercantonal 
level (invitation of targeted groups, integration of physician specialists, evaluation, 
population information, etc.). Other activities are more efficiently carried out at the 
regional or national levels. A national coordinating and supervising body is essential to:  

 Ensure a uniform mammography screening practice throughout Switzerland; 

 Negotiate unified tariffs with health insurances; 

 Define quality assurance criteria for the entire mammography procedure (invitation, 
screening, referral, assessment, treatment, feedback) based on the European 
guidelines; 

 Certify breast cancer screening centres based on these criteria; 

 Define requirements for special training of radiographers and radiologists; 

 Ensure that the quality control of equipment used to execute mammographies in 
radiology units is performed by certified services having no conflict of interest with 
equipment suppliers according to a standard protocol; 

 Guarantee the production of well-balanced information materials about the benefits 
and hazards of breast cancer screening (e.g. brochures in all national and frequently 
used languages); 

 Provide unified management tools for breast cancer screening centres; 

 Ensure epidemiological support and a unified evaluation procedure. 

It would be the responsibility of the Federal Office of Health either to take on this national 
coordination, to delegate it to an existing organisation or to revive the Swiss Foundation 
for Cancer Screening. 

IN CONCLUSION 
Access to screening mammography is currently highly variable within Switzerland. 
Existing mammography screening programmes in the French speaking cantons offer all 
women aged 50 to 70 a screening mammography every second year. In the other 
cantons, women may be referred by their general practitioner or gynaecologist for a 
screening mammography that will often be labelled “diagnostic” to ensure 
reimbursement by the basic health insurance. This leads to inequitable access across 
cantons and within cantons. 
The implementation of organized breast cancer screening in several Swiss cantons has 
shown that it is possible to implement such programmes and to reach European 
standards in terms of performance. Available resources such as radiologists, 
mammography devices, cancer registries suffice to offer organized quality-controlled 
mammography screening to all women above age 50 in Switzerland. However, to 
achieve this national coordination and guidance is paramount. In addition, uniform 
funding mechanisms, binding quality criteria and common information tools for women 
must be devised and implemented. 



 84 

Annex. Efficacy of breast cancer screening by 
mammography: scientific evidence 

Eight randomized screening mammography trials were implemented between the 1960s 
and 90s to examine the impact of organised mammography screening on breast cancer 
mortality.xxvii  The eight trials are in order of their initial years: 
 Health Insurance Plan Trial (HIP), New York (1963) 
 Malmö Mammographic Screening Trial (1 and 2), Sweden (1976) 
 Two-County Trial (TCS; Kopparberg and Oestergötland), Sweden (1977) 
 Edinburgh Randomised Trial of Screening for Breast Cancer, Scotland (1979) 
 National Breast Screening Study #1: women 40 to 49 years old (NBSS-1), Canada 

(1980) 
 National Breast Screening Study #2: women 50 to 59 years old (NBSS-2), Canada 

(1980) 
 Stockholm Mammographic Screening Trial (Stockholm), Sweden (1981) 
 Gothenburg Breast Screening Trial (Gothenburg), Sweden (1982) 

With the exception of the two Canadian trials, all trials compare mammography screening 
to no screening. In the Canadian trials mammography screening with clinical breast 
examination is compared to clinical breast examination alone.  

The results of these trials and numerous meta-analyses showed a 25 to 30% decrease in 
breast cancer deaths. While these results lead several industrialised countries to implement 
national mammography screening programmes in the 1980s and 90s, a Cochrane review 
published in 2000 contested the validity of the trials. Since the publication of the Cochrane 
review several further reviews have thoroughly re-examined evidence on the efficacy of 
mammographic screening from these trials. Each major review published since 2000 is 
briefly presented. A table  at the end of this annex summarizes judgements made about the 
eight trials and conclusions reached by each review.  

Cochrane review, 2001 

The objective of this review32 was to assess the effect of screening for breast cancer with 
mammography on mortality and morbidity. Nine trials were identified, of which two (UK 
age trial, Singapore) had not yet published results. Seven trials were included in the 
analysis (the two Canadian trials were considered as one). The quality of these seven trials 
was judged based mainly on the quality of randomisation and cause of death assessments. 
Data were classified in four groups: high-quality, medium-quality, poor-quality and 
flawed. The two authors of the review extracted data independently and resolved 
disagreements by discussion. Intention-to-treat analyses were conducted, using a fixed 
effects model.  

                                                 
xxvii A ninth trial, involving women aged 40-49 only (UK Age Trial), begun in 1991 in the United Kingdom. 
Results have been recently published1 showing a 17% reduction in breast cancer mortality, which did not 
reach statistical significance (RR 0.83; CI 0.66-1.04).  This trial will not be discussed as it does not concern 
the age group (women 50 and above) relevant to this request. 
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The judgements made are summarised in Table 6.1 (page xx). No trial is judged of high 
quality. Only two trials are defined as medium quality (Malmö and Canadian trials). Two 
trials are totally excluded from analysis being considered as flawed (Health Insurance Plan 
New York and Edinburgh). Using the two medium-quality trials in the meta-analysis no 
significant reduction in breast cancer mortality can be found: relative risk of 0.97 (95% CI 
0.82−1.14). If data from all eligible trials (excluding flawed studies) are considered then 
the relative risk for breast cancer mortality after 13 years is found to be 0.80 (95% CI 
0.71−0.89). 

Beyond the quality of the trials and results regarding breast cancer mortality, the authors 
assert that breast cancer mortality is an unreliable outcome measure that is biased in 
favour of screening. In their view only an impact on overall mortality would be sufficient 
evidence to support mammography screening, as the assessment of cause of death may be 
biased and as screening may lead to an increased mortality due to other causes (in 
particular cardiovascular disease due to radiotherapy for breast cancer).  

The authors Conclusion is: 
The currently available reliable evidence has not shown a survival benefit of mass screening for 
breast cancer. However, the trials and this review are still underpowered for all−cause mortality; 
the confidence intervals include both a plausible worthwhile and a possible detrimental effect. 
Women, clinicians and policy makers should consider these findings carefully when they decide 
whether or not to attend or support screening programs. 

Rebuttals of the 2001 Cochrane review  

As briefly mentioned in the introduction to this section, the initial Cochrane review lead to 
several publications countering in much details its criticisms and conclusions. Some of the 
very thorough and extensive rebuttals are briefly presented here.  

In 2002, the Dutch Minister of Health requested the Health Council of the Netherlands to 
re-examine the arguments, criticisms and conclusions of the Cochrane review and to 
indicate if there is scientific evidence to discontinue the breast cancer screening 
programme. The report answers the Cochrane review criticisms in detail on the following 
points: methodological quality of the studies; breast cancer mortality as an endpoint; 
overall mortality as an endpoint; overdiagnosis and overtreatment.19 The main conclusions 
are:  
In the committee’s view, the currently available reliable evidence does show a survival benefit of 
breast-cancer screening for women over the age of fifty. The arguments presented in the Cochrane 
review are not considered convincing to refute this evidence. However, the committee does not 
discount the possibility that new evaluations will ultimately lead to the conclusion that the effect of 
screening is not as great as anticipated in 1990. 

In Switzerland, a group of scientists published a critical review of the 2001 Lancet article 
by Gotzsche and Olsen (GO).24 This review had been requested by the Swiss Cancer 
League. The impartiality and objectivity of the methods used by GO to judge the validity 
of the randomized controlled trials are contested. The paper mainly focuses on scientific 
criteria to assess the quality of the trials, and in particular randomization. The authors 
conclude that the statistical analysis presented by GO is methodologically flawed and that 
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there is no reason to question the efficacy of mammography screening based on their 
analysis. 

An in-depth methodological appraisal of the assessment made by GO concerning in 
particular three studies (Health Insurance Plan, New York; Two-county trial, Sweden; 
both parts of the Canadian trial) was published in 2003.26 The authors counter the 
criticisms levelled at the New York and the Swedish study. At the same time, they raise a 
number of critical issues in the Canadian trials. They conclude: 
GO’s critique of the positive studies (HIP and Two-County), like their defence of CNBSS, is 
careless at best. Rather than clarifying the issues, their papers have instead generated much 
confusion. Clinical trials of mammography have led to substantial advances in understanding 
breast cancer, and a substantial reduction in mortality from this disease. It is time to move on, 
although some questions may remain. 

Further papers either countered specific aspects of the Cochrane review or provided a 
more global view on the flaws of the criticisms raised by the Cochrane reviewers.20-22;25;33 
34 

It is interesting, for example, that the principal investigators of the Malmö study (included 
by the Cochrane review as one of the best-quality studies) published a paper showing that 
after 10 to 11 years of follow-up during which screening continued, they estimate that 
screening -- at intervals of 18–24 months, with incomplete (about 70%) adherence -- 
resulted in a 55% reduction in case-fatality rate and thereby, after the requisite delay, in 
cause-specific mortality in the older women.21 

A paper published in 2003 to provide recommendations about mammography screening 
for breast cancer screening for the United States reviewed responses to the criticisms of 
Gotzsche and Olsen.35 It concludes that criticisms of all but one of the trials (Edinburgh) 
excluded from the meta-analysis in the Cochrane review, have been answered and that the 
effectiveness of mammography, especially for women older than 50 years, can not be 
negated. 

Evidence for the U.S. Preventive Services Task Force, 2002 

The objective of this review17 was to update recommendations on breast cancer screening 
and in particular to examine the effectiveness of mammographic screening in women 
younger than 50 years of age. The focus was on information that had become available 
after 1996. This led to the inclusion of eight randomized, controlled trials of 
mammography and two trials evaluating breast self-examination. One hundred fifty-four 
publications of the results of these trials, as well as selected articles about the test 
characteristics and harms associated with screening, were examined. 

Predefined criteria developed by the U.S. Preventive Services Task Force were used to 
assess the internal validity of the trials. Quality ratings were based on the entire set of 
publications from a trial. A detailed description of this approach is provided. In addition, 
new meta-analyses were conducted to incorporate new information about the quality of 
the trials and longer follow-up results. A two-level Bayesian random-effects model was 
used to provide summary relative risk estimates and credible intervals for the effectiveness 
of screening with mammography, either alone or with clinical breast examination, in 
reducing breast cancer mortality by age group.   
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All trials with the exception of the Edinburgh trial were judged to be of fair quality and 
were included in the meta-analysis. The summary relative risk for all age groups was 
estimated at 0.85 (95% CI, 0.73-0.99). The number needed to invite for screening to 
prevent one breast cancer death after approximately 14 years of observation is 1224 
among women in all age groups, and 838 among women aged 50 to 74.   

Excerpts from the Discussion: 
Fair-quality, relatively consistent evidence suggests that mammography screening reduces breast 
cancer mortality among women aged 40 to 74. We found no evidence that including clinical breast 
examination conferred greater benefit than mammography alone. We also found no evidence 
supporting the role of breast self-examination in reducing breast cancer mortality. […] 

We identified many of the same design problems highlighted in the Cochrane review, but reached 
different conclusions about their bearing on the validity of the findings. With the exception of the 
Edinburgh trial, we found inadequate evidence to conclude that the specific flaws identified 
introduced biases of sufficient magnitude or direction to invalidate the findings or to reject the 
inference that screening mammography reduces breast cancer mortality. […] 

In summary, when judged as population-based trials of cancer screening, most of the 
mammography trials are of fair quality.  Their flaws reflect tradeoffs made in the planning of the 
trial that make the trials widely generalisable with potentially some cost in internal validity.  In 
absolute terms, the mortality benefit shown with mammography screening is small enough that 
biases in the trials could erase or create the observed mortality reduction.  However, in our 
review, while there are flaws in the design or execution of the trials, there is insufficient evidence 
to conclude that the majority were seriously biased and consequently invalid. 

This is the most complete and thorough review identified. 

IARC review 2002 

In March 2002, The International Agency for Research on Cancer (IARC) convened a 
working group of 24 experts from 11 countries to review evidence on breast cancer 
screening.18 Efficacy of screening was one of several aspects examined. The same 
randomised controlled trials were included as in the Cochrane and US Preventive Task 
Force review. However, reasons for including certain trials and excluding others in the 
final summary analysis of the efficacy of mammography screening were diverging from 
other reviews. In particular, the Canadian trials were excluded because screening in both 
trials included clinical breast examination and the design of NBSS 2 was different from 
those of all other trial. The review thus mainly relies on the Swedish trials. In addition, 
evidence from the Finnish national programme was included, comparing breast cancer 
mortality between women invited for screening before 1990 and those invited after 1990. 
Methodological issues of each trial are discussed, including randomization, inclusion and 
exclusion criteria and outcome measures, and validity of each trial examined. The method 
used to assess the trials is not described. Most probably conclusions are based on majority 
or consensus expert opinion. 

Aggregating findings from the five trials of mammography alone in women aged 50-69 
and including evidence from the Finnish programme, a combined breast cancer mortality 
rate ratio of 0.75 (CI 0.67-0.85) was calculated. The reduction in mortality from breast 
cancer over a ten-year period after first invitation to screening was estimated to be 0.5 per 
1000 women aged 40-49 and 0.9 per 1000 women aged 50-59. In addition, based on 
follow-up data from the Swedish trials, it was estimated that the breast cancer mortality 
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reduction for women aged 50-59 who are actually screened (taking account of lack of 
compliance in the intervention arm and dilution in the control arm) would be 35%. 

AETMIS Quebec review, 2006 

This review was carried out by the Agence d’évaluation des technologies et des modes 
d’intervention en santé (AETMIS) to re-examine the quality of the scientific evidence on 
which the mammography screening programme of Quebec is based.30 In particular the 
pertinence of extending screening to women less than 50 years old and the relevance of 
earlier trial results for modern screening programmes was to be assessed.  

The eight published randomized controlled trials were examined regarding their validity as 
well as the strength of contrast between the study and the control interventions. A strength 
of contrast scale was constructed based on five elements: technical contrast (opposition of 
study and control intervention); era in which mammography was conducted (modern 
mammography is qualitatively superior); technical quality of the mammography 
performed (norms of mammography practice, quality control measures, interval between 
screening rounds); participation and contamination; timing of mortality effects (early and 
late timing dilution). In addition to the strength of contrast scale, a validity scale and 
scoring system was developed based on four elements: randomization, baseline equality, 
equal exclusion and follow-up (assessment of death).  

For each of the trials all published articles were reviewed and the rating was assigned 
independently by two researchers. Ratings were then compared and discrepancies resolved 
by consensus with reference to the original research reports. Scores and ratings are 
presented in detail in the review. The summary rating of validity and strength of contrast 
for each trial is provided in table 1.  

The reduction of breast cancer mortality obtained in the various trials is then presented in 
declining order of validity. A progressive combination of trial results shows the 
cumulative mortality reduction for women of all ages, ranging from 9% (medium-quality 
studies), to 15% (medium and poor-quality studies), to 23% (all studies). The more valid 
studies tend to show lesser reductions and confidence intervals sometimes include the null 
value. A sub-group analysis of data pertaining to women at least 50 years old at enrolment 
(55 years in the Malmö trial) show breast cancer mortality reductions between 24 and 
29%, depending on studies included.  

Excerpts from Discussion and Conclusions: 
There are serious concerns regarding the validity of most of the trials supporting mammography 
screening, based on methodological weaknesses in the screening trials. Studies are highly 
heterogeneous with regard to the strength of the contrast that they studied, with numerous 
weaknesses identified in all the major studies, meaning that the potential of screening 
mammography has perhaps not been thoroughly explored. Using the best available data, one can 
conclude that there is fair evidence of moderate reduction of breast cancer mortality, of the order 
of 9 to 15%; data restricted to women over the age of about 50 show greater reductions, of the 
order of 24 to 29%. Furthermore, our analysis has demonstrated that modern mammography, 
carried out under quality conditions that maximize its performance, has the potential to identify 
cancerous lesions earlier in their progression, and this may allow for some further reduction in 
mortality. 
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Conclusion: Existing scientific trials, despite their flaws, support mammography screening 
programs. In addition, there are good reasons to believe that modern, well conducted screening 
programs may achieve earlier detection and diagnosis of breast cancer and, perhaps, greater 
reductions in breast cancer mortality than what has been found in screening trials. 

Cochrane review 2006 

The Cochrane review published in 2001 was recently updated (18 October 2006)31 One of 
the two authors of this update participated in the initial review. The randomized controlled 
trials included are the same than in the review published in 2001, as well as methods used 
to assess their quality. Reference is made to the meta-analysis of the Swedish trials 
published in 200228. The Edinburgh trial is considered as flawed and excluded from 
analysis. However, the Health Insurance Plan Trial, New York is this time included in the 
review. The summary impact on breast cancer mortality of screening with mammography 
is examined for adequately randomised trials first. Then trials considered to be 
suboptimally randomised are added. The authors estimate that a 15% relative reduction in 
breast cancer mortality is realistic, and that this agrees with the review done for the U.S. 
Preventive Services Task Force and the meta-analysis of the Swedish trials. As in the 
initial Cochrane review the authors also focus on the detrimental effects of screening 
(psychological distress from false-positive findings, overdiagnosis and over treatment, 
time needed to attend screening sessions, costs to the health care system). 

Conclusion 

It is now uncontested (even in the latest Cochrane review) that population-based breast 
cancer screening reduces breast cancer mortality in women over age 50. All randomised 
controlled trials have shown a trend of reduction in breast cancer mortality among women 
over age fifty, which was usually statistically significant. Various meta-analyses show that 
this reduction lies in a range of 15% to 30%. This evidence is supported by results from 
cohort and case-control studies. 

Randomized controlled trials of breast cancer screening have shortcomings, many of 
which are inherent to the conduct of large population-based studies with long-term 
intervention and follow-up. The diverging views on the impact of screening on breast 
cancer mortality are due to different quality assessments and interpretations of the eight 
existing randomized controlled trials by different reviewers. There is general agreement 
that one of the trials, the Edinburgh trial, is flawed and should not be used in meta-
analyses. 

The evidence from the eight population-based randomized controlled trials is the best we 
have, as it is no longer possible to initiate a new randomized controlled trial to study the 
efficacy of breast cancer screening in women over 50 years of age for ethical and practical 
reasons. In virtually all industrialised countries some proportion of women over age 50 is 
undergoing mammography screening, either opportunistic or organised. Control groups 
thus no longer exist.  

The randomized controlled trials have examined differences in breast cancer mortality 
between groups of women invited to mammography screening and not invited to 
screening. These trials may not be effective in estimating the true magnitude of the 
screening benefit because of non-adherence in the group invited to screening as well as 
contamination (i.e., participation in screening) among the "not invited," or usual care 
group, thus underestimating the true magnitude of benefit among screened individuals. 
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In addition, technical quality of screening has improved since the randomized controlled 
trials were implemented, thus most probably enhancing the efficacy of screening.  

These conclusions are very well summarised in the AETMIS review: 

“Many of the conditions of screening trials resulted in significantly weaker contrasts than 
those of modern programs. In particular, all studies are from earlier eras when 
mammographic equipment and techniques were less refined. Many have used a single 
view of each breast, as opposed to modern standards using double views. Some studies 
have used intervals longer than two years (28 months in Stockholm, 33 months in Two-
County). Participation rates have been as low as 53% (Edinburgh) and 54% (HIP) and as 
high as 87% (TCS) and 88% (NBSS), but in all studies the effective contrast has been 
reduced because women in the control group also received mammography, ranging from 
about 5% (HIP) to as high as 15% (Gothenburg) and 20% (Stockholm). The timing of the 
relationship between the screening period and mortality results has caused significant 
dilution in all studies, compared to the steady-state reduction that a programme could 
achieve after a suitable delay. In particular, the durations of all studies have been much 
shorter than the twenty years of screening that most programs propose (from age 50 to 
69); some studies had only two rounds (Stockholm), three rounds (Two-County) or four 
rounds (HIP, Edinburgh, NBSS).”30 
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