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Zusammenfassung
Diese Übersichtsarbeit beleuchtet die Entwicklung und Evi-
denz des Mammographie-Screenings in Europa und das 
neu implementierte Screening-Programm in Deutschland. 
Die Ergebnisse der ersten Screening-Runden in Nordrhein-
Westfalen werden mit den von den Euro päischen Leitlinien 
zur Qualitätssicherung im Mammographie-Screening und 
bei der Diagnose vorgegebenen Referenzwerten verglichen. 
Zudem werden die Leistungs indikatoren der organisierten 
Screening-Programme in England, Italien, Nordrhein-West-
falen und den Niederlanden kritisch gegenübergestellt. Die 
Ergebnisse der ersten Screening-Runden in Deutschland  
belegen, dass das digitale Mammographie-Screening- 
Programm gut etabliert werden konnte und in Einklang mit 
den Europäischen Richtlinien steht. Abgesehen von der 
noch relativ geringen Teilnehmerrate von 53% ist das orga-
nisierte Brustkrebs-Screening-Programm in Deutschland  
erfolgreich gestartet.
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Summary
In this review, we describe the history, evidence, and cur-
rent practice of mammography screening in Europe and the 
newly implemented screening program in Germany. We re-
port results of the first screening rounds in North Rhine-
Westphalia and compare these with reference values set by 
the European Guidelines for Quality Assurance in Breast 
Cancer Screening and Diagnosis. Finally, we summarize 
and compare performance indicators of the organized 
screening program in England, Italy, North Rhine-West-
phalia and The Netherlands. Based on results of the first 
screening rounds, we conclude that the digital mammogra-
phy screening program in North Rhine-Westphalia performs 
well and complies with the European guidelines. Besides 
relatively low attendance rates of approximately 53%,  
implementation of the German organized breast cancer 
screening program was successful.

Introduction

The primary aim of the German mammography screening 
program, which was rolled out in 2005 and adheres to the  
European Guidelines for Quality Assurance in Breast Cancer 
Screening and Diagnosis [1], is to reduce breast cancer mor-
tality by early detection of breast cancer in asymptomatic 
women. In this review, we will first shortly describe the  
history, evidence, and current practice in mammography 
screening in Europe in general. Secondly, we focus on the 
newly implemented mammography screening program in 
Germany. Thirdly, we will report performance indicators  
of the first screening rounds of the program in Germany’s 
most populous state, North Rhine-Westphalia (NRW), and 
compare these with reference values set by the European 

guidelines [1]. Finally, we compare screening performance  
indicators of the mammography screening programs in  
England, Italy, The Netherlands, and NRW.

Evidence, History, and Current State of Mammography 
Screening in Europe

When launching the ‘Europe against Cancer’ program in 
1986, the Committee of Cancer Experts of the European 
Community (EC) decided that systematic population-based 
screening should be implemented for those cancers for which 
such strategy had been shown to reduce mortality. Nowadays, 
the Council of Europe recommends population-based organ-
ized mammography screening for breast cancer for women 
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established in 26 of the 27 member states (fig. 1) [7, 8]. Most 
programs target women in the age group of 50–69 years, with 
a 2-year interval between screening tests. Other European 
countries with long-established organized mammography 
screening programs are Norway, Iceland, and the French-
speaking cantons of Switzerland.

Meanwhile, several comprehensive evaluations of the pop-
ulation-based screening programs have been conducted. For 
example, in The Netherlands, a statistically significant reduc-
tion in breast cancer mortality of 19.9% among women aged 
55–74 years was reported 11 years after introduction of mam-
mography screening, as compared with the period before the 
introduction of screening [9]. An evaluation of mammography 
screening in 13 Swedish areas found a 43% reduction in breast 
cancer mortality associated with being screened, after adjust-
ment for self-selection for screening, and a 27% reduction  
associated with the policy of offering screening [10, 11]. In 
Denmark, a significant 25% reduction in breast cancer  
mortality was shown within 10 years after the introduction of 
screening in Copenhagen, compared with rates before screen-
ing commenced and control areas without screening [12].

The magnitude of mammography screening effectiveness 
has been questioned lately in analyses of the Norwegian and 
Danish screening program [13, 14]. This dissent can be ex-
plained by both the difficulties of separating the intertwining 
effects of early detection by screening and improvements in 
therapy on breast cancer mortality reduction over time and 
the many factors that may distort estimates of screening ef-
fectiveness when analyzing observational data from screening 
programs compared to those from randomized controlled tri-
als. However, almost all experts, including so-called screening 
skeptics, agree that there is sufficient evidence to assume that 
mammography screening reduces breast cancer mortality. 
The actual magnitude of this reduction and the impact of  
negative screening effects (false-positive and false-negative 
results and overtreatment of small cancers) is still a hotly  
debated topic.

History and Current State of Mammography Screening 
in Germany

In 2002, the German parliament decided to introduce a  
nationwide breast screening program for women aged 50–69 
years that adheres to the European guidelines. For this pur-
pose, the statutory health insurance schemes (Krankenkasse), 
together with the federation of health insurance scheme  
doctors (Kassenärztliche Vereinigung), founded the national 
Mammography Cooperative. Five national reference centers 
are tasked with quality assurance and monitoring of the 
screening program, each supervising a number of screening 
units operating in their region. The screening units are spe-
cialized diagnostic imaging centers, certified to execute the 
mammography screening program according to the European 

aged 50–69 years and requires that screening programs  
comply with the European guidelines [1, 2].

The effectiveness of mammography screening has been 
evaluated in randomized controlled trials. These have consis-
tently shown mortality reductions of 20–35% amongst women 
in the age range of 50–69 years [3–5]. Following the early re-
sults of these trials, the EC proposed pilot screening programs 
to its member states in 1986. Several countries including Swe-
den, the UK and The Netherlands had already decided to  
implement a nationwide mammography screening program. 
Pilot screening programs were established in Belgium, Den-
mark, France, Greece, Ireland, Luxemburg, Portugal, and 
Spain. To stimulate dissemination of screening expertise 
among member states, the EC established the European pilot 
screening network. At the request of the Subcommittee on 
Screening of the ‘Europe against Cancer’ program, experts 
participating in this network developed the first edition of the 
European guidelines on population-based service screening 
for breast cancer [6]. The current 4th edition of these guide-
lines was published in 2006 [1].

Over 254 million women are currently living in one of the 
27 member states of the European Union (EU); approxi-
mately 60 million of them are aged between 50 and 69 years. 
Screening programs incorporating assurance mechanisms for 
both radiology and pathology services are running or being 

Fig. 1. Breast screening program in Europe by program type (popula-
tion-based; non-population-based; no program) and implementation  
status (ongoing or complete; planning or piloting). Both Austria and  
Latvia plan transition from the currently implemented non-population-
based programs to population-based screening. Sources: European Cancer  
Observatory [8] and Organization for Economic Co-operation and  
Development [21].

Countries with population-based organized screening programs (implementation ongoing 
or complete)

Countries planning or piloting population-based organized screening programs

Countries with nationwide non-population-based organized screening programs

Countries with few or no organized screening programs/no information available
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Results of the Mammography Screening Program  
in North Rhine-Westphalia

In this section, we will first describe the implementation of the 
mammography screening program in North Rhine-West-
phalia. Secondly, we compare important performance indica-
tors with reference values set by the European guidelines.

North Rhine-Westphalia is Germany’s most populous 
state, with approximately 18 million inhabitants and 2.2 mil-
lion women of screening age, thereby constituting just over 
1/5 of the screening target population of Germany. In the 
years directly preceding the onset of population-based mam-
mography screening, breast cancer incidence and mortality 
were 2.6 and 0.70, respectively, per 1000 women aged 50–69 
years. Organized mammography screening started in 2005, 
and since then the Reference Center for Mammography at 
the University Hospital of Münster has been responsible for 
the ongoing monitoring of the breast screening program. 
State-wide coverage was reached in August 2008 when the 
23rd screening unit started. In the first 3 years, all but one 
screening unit used digital techniques. By the end of 2008, this 
screening unit also changed to digital screening.

From 2005 until 2009, a total of 3,032,438 screening invita-
tions were sent out. Invitation rates increased from 17.6% in 
2005 to over 100% in 2009 to compensate for the limited ca-
pacity in the previous years (table 1). A total of 1,589,015 
women attended screening, yielding an overall attendance 
rate of 53.4%. Of all screens, 79.8% were initial ones and 
20.2% were subsequent examinations. The recall rate for fur-
ther assessment of screen-detected abnormalities was 6.1% 
for initial screens and 3.4% for subsequent screens. The cor-

guidelines. All parties involved in the German mammography 
screening program must adhere to strict federal and state laws 
on personal data protection.

Prior to the nationwide implementation of the population-
based German mammography screening program, its feasibil-
ity was examined by 3 pilot projects in the cities of Bremen 
and Wiesbaden and the rural area Weser-Ems, over the years 
2001–2005 [15]. Based on the outcomes and knowledge gained 
by these projects, roll-out of the nationwide screening pro-
gram started in 2005 and was completed by 2009. So far, over 
90% of all eligible women have been invited for screening.

Invitation units (Zentralstellen) invite women in the age 
range of 50–69 years to participate in the screening program 
at 2-year intervals by sending a personal invitation letter with 
a fixed appointment which can be changed on request. Non-
responders receive a reminder in about 6 weeks after they 
miss the initial appointment. For the purpose of the mammo-
graphy screening program, invitation units receive limited 
personal data on eligible women from local or regional popu-
lation registers. These data must be deleted shortly after (re)
invitations have been sent.

All mammograms are read independently by 2 specialized 
breast radiologists at the screening units. To resolve discrep-
ancies between the interpretations of the 2 readers, review by 
consensus including a 3rd reader is mandatory. All women are 
personally informed by letter about the outcome of the 
screening examination. Assessment of screen-detected breast 
lesions is organized at screening unit level. The results of the 
initial screening round, conducted from 2005 to 2007, are  
reported in the ‘Evaluationsbericht 2005–2007’ [16].

Table 1. Performance indicators of the mammography screening program in North Rhine-Westphalia from 2005 to 2009

EU guidelines [1]:  
acceptable level;  
desirable level

2005–2006 2007 2008 2009 2005–2009

Number of invitations 196,182 706,169 1,007,849 1,122,238 3,032,438

Attendance rate, % > 70; > 75 59.0 52.0 52.8 54.1 53.4

Recall rate, %
Initial screening examination < 7; < 5 5.9 5.4 5.8 7.4 6.1
Subsequent screening examination < 5; < 3 – – 3.3 3.4 3.4

Breast cancer detection rate  
(per 1000 participants)

Initial screening examination 3 × IR; > 3 × IR 3.2 × IR (8.4) 2.9 × IR (7.6) 3.2 × IR (8.4) 3.2 × IR (0.82) 3.1 × IR (0.81)
Subsequent screening examination 1.5 × IR; > 1.5 × IR – – 2.3 × IR (0.61) 2.3 × IR (0.59) 2.3 × IR (0.60)

Proportion DCIS, % 10; 10–20 21.2 18.7 18.9 19.4 19.1

Proportion invasive cancers ≤ 10 mm, %
Initial screening examination n.a.; ≥ 25 26.7 29.5 27.7 31.0 29.1
Subsequent screening examination ≥ 25; ≥ 30 – – 40.5 34.1 35.0

Proportion node-negative cancers, %
Initial screening examination n.a.; > 70 73.9 77.1 75.4 74.5 75.4
Subsequent screening examination 75; > 75 – – 82.9 79.0 79.5

Proportion of cancers UICC II+, %
Initial screening examination < 30 29.9 29.4 29.5 30.4 30.0
Subsequent screening examination 25; < 25 – – 19.5 24.9 23.4

IR = Breast cancer incidence rate among women aged 50–69 years in the years preceding screening (2.6 per 1000), DCIS = ductal carcinoma in situ, 
UICC = International Union against Cancer, n.a. = not applicable.



Breast Care 2011;6:104–109Mammography Screening: Evidence, History 
and Current Practice

107

was completed in 1997. The mammography screening pro-
gram in Italy started in 2002. Large differences in screening 
implementation and quality are reported among the northern 
and southern regions. Like in Germany, women aged 50–69 
years are invited at 24-month intervals. Further characteristics 
of the 4 screening programs are shown in table 2.

In table 3, we show recent data on invitation, attendance, 
and selected screening performance indicators for the differ-
ent mammography screening programs. Attendance rates 
were highest in The Netherlands: 79.0% for initial and 82.8% 
for subsequent screens. Recall rates for initial and subsequent 
screening examinations were lowest in The Netherlands, 
whereas cancer detection rates were relatively high (5.9 and 
5.2 per 1000 participants, respectively). For the other pro-
grams, recall rates on initial screens exceeded the target levels 
set by the EU guidelines. However, in both England and 
North Rhine-Westphalia, cancer detection rates were higher 
than those in The Netherlands. We also note that observed 
differences between countries should be interpreted with  
caution as many factors may be responsible for this. For  
example, both breast cancer risk differences among women 
attending the program and the average length of the screening 
interval vary among countries.

Discussion

We described evidence, implementation, and current practice 
of mammography screening in Europe and, more specifically, 
Germany. Our analysis of the first screening rounds conducted 
from 2005 to 2009 in North Rhine-Westphalia indicates that 
the organized mammography screening program performs 
well and complies with the EU guidelines. In accordance with 
previous analyses [17], breast cancers were detected in earlier 

responding average breast cancer detection rates for initial 
and subsequent screening examinations were 3.1 and 2.3 times 
the background incidence of 0.26%, respectively. The propor-
tion of all screen-detected cancers that were ductal carcinoma 
in situ (DCIS) was 19.1%. The proportions of screen-detected 
invasive cancers ≤ 10 mm were 29.1% and 35.0% for initial 
and subsequent screening examinations, respectively. Of all 
invasive cancers, 75.4% and 79.5% were node negative for 
initial and subsequent screening examinations, respectively; 
30.0% (initial screen) and 23.4% (subsequent screen) of inva-
sive cancers were in stage II+ (UICC). Almost all screening 
performance indicators were in compliance with the EU 
guidelines.

T-stage distributions of invasive breast cancers diagnosed 
in the years preceding the introduction of the mammography 
screening program in the Muensterland region (2002–2004) 
and all cancers detected by the screening program in North 
Rhine-Westphalia (including the Muensterland region) from 
2005 to 2009 are shown in figure 2. Invasive breast cancers  
detected within the screening program showed a more favor-
able distribution towards small sizes (T1mic, T1ab) than those 
detected before the program commenced.

Screening Performance Indicators of 4 European  
Mammography Screening Programs

In both England and The Netherlands, population-based  
organized screening programs started about 20 years ago.  
In 2001, the upper age limit for screening was extended to  
70 years in England; until then the upper age limit was 64. The 
screening interval remained at 36 months. In The Nether-
lands, the upper age limit for screening was extended from  
69 to 75 years after implementation of the screening program 

Fig. 2. T-stage distribution of symptomatic 
invasive breast cancers diagnosed in the  
Muensterland region from 2002 to 2004  
(before implementation of the mammography 
screening program) and invasive breast cancers 
detected within the mammography screening  
program in North Rhine-Westphalia, including 
the Muensterland region, from 2005 to 2009. 
Data source T-stage distribution invasive  
cancers 2002–2004: Epidemiological Cancer 
Registry North Rhine-Westphalia (EKR-
NRW).
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screening mammograms at regular intervals [19]. Another fac-
tor may be the ongoing public discussion about benefits and 
harms of screening. Based on the observed high proportion of 
screen-detected small invasive cancers and other beneficial 
findings, we expect a growing acceptance of the organized 
mammography screening program in Germany.

Besides a potential reduction of breast cancer mortality of 
up to 30% among screening participants, other major benefits 
of the organized screening program are a reduction in the 
need for extensive (neoadjuvant) therapy, implementation of 
specialized multidisciplinary breast centers in which dedicated 
health care professionals work together to improve overall 
breast cancer care for all, and the increase of breast health 
awareness among women of all ages. Among the negative  

stages of disease than before implementation of the program 
and, although recall rates exceeded desirable levels, the cor-
responding breast cancer detection rates were relatively high, 
considering the historical setting of widespread opportunistic 
screening. We believe that these promising results capture the 
benefits of digital screening and, more specifically, the im-
proved detection of calcification-related malignancies [18].

Despite all public relations efforts, attendance rates were 
relatively low (approximately 53%). This may be partly ex-
plained by continuation of breast screening activities outside 
the organized program (so-called opportunistic or gray 
screening), especially among women with private health in-
surance. Before implementation of the screening program, it 
was estimated that 25% of all women aged 40–70 years had 

Table 2. Characteristics of the national mammography screening programs in Italy, North Rhine-Westphalia (Germany), The Netherlands and England

Country, region, state Year  
program 
started

Year complete coverage  
was achieved

Implementation of  
digital techniques?

Screening  
age range, 
years

Screening  
interval, 
months

Approximate number 
of women in the 
screening target  
population in 2007

England 1988 approximately 75% of  
the screening target  
population was invited  
by the end of 2009

implementation of  
digital screening from  
2005, not completed yet

50–70a 36 6.0 million

Italy 2002 over 90% of the  
screening target  
population was invited  
by the end of 2007

no data available 50–69 24 3.2 million

North Rhine-Westphalia 
(Germany)

2005 2009 from 2009, fully digital 50–69 24 2.2 million

The Netherlands 1990 1997 from 2010, fully digital 50–75b 24 2.2 million

aThe policy is to invite all women for their initial screening examination before their 53rd birthday. In 2001, the upper age limit for screening was 
extended to 70 years; until then the upper age limit was 64 years.
bIn 1998, the upper age limit for screening was extended to 75 years; until then the upper age limit was 69 years.

Table 3. Current performance indicators of the population-based mammography screening programs in England (50–70 years), Italy (50–69 years), 
North Rhine-Westphalia (50–69 years) and The Netherlands (50–75 years)

Country, region, 
state

Data source Data are  
reported  
for the  
year(s)

Number  
of invited 
women  
(million)

Screening 
examination

Attendance 
rate, %

Recall 
rate, %

Cancer  
detection  
rate (per 
1000  
women 
screened)a

Proportion of  
invasive cancers 
< 10 mm (of all 
screen-detected 
invasive cancers, 
%)b

England National Health Service [22] 2008–2009 2.2 initial 69.0 8.6 7.3 25.9

subsequentc 87.4 3.2 7.4 26.9

Italy The National Center for 
Screening Monitoring  
(Osservatorio Nazionale 
Screening) [23]

2007 2.2 initial 61.0d 9.4 5.4 363

subsequent 4.1 4.8 303

North Rhine-West-
phalia (Germany)

Reference Center for  
Mammography Muenster

2009 1.1 initial 54.1d 7.4 8.2 31.0

subsequent 3.4 5.9 34.1

The Netherlands The National Evaluation 
Team for Breast Cancer 
Screening [24]

2007 1.1 initial 79.0 3.5 5.9 284

subsequent 82.8 1.5 5.2

aEstimated from reported overall cancer detection rate, detection rate of invasive cancers ≤ 10 mm and rate of DCIS.
bEstimated from reported T1a + T1b rate, T1c rate and T2 rate among women aged 50–69 years, not separated by screening examination.
cRoutine invitation < 5 years after last screening examination among women who previously attended mammography screening.
dAverage attendance in both initial and subsequent screening examinations.
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References

effects of mammography screening are exposure to radiation, 
the diagnosis of cancers that would never have led to symp-
tomatic disease if left undetected (overdiagnosis) with conse-
quential overtreatment, distress among women who are  
recalled for further assessment of screen-detected lesions that 
prove to be benign (false-positive results), and existing malign 
lesions not detected by screening (false-negative results). To 
facilitate informed individual decision making by women of 
screening age, the Mammography Cooperative has published 
an evidence-based fact sheet including a flow chart with  
estimates of benefits and risks accumulated over 20 years of 
biannual mammography screening [20]. In this fact sheet, it is 
estimated that 200 women need to be screened for 20 years 
(10 screening examinations) to prevent 1 breast cancer death. 
Further, it is estimated that of these 200 women, 1 extra 
woman will be diagnosed with breast cancer compared to a 
non-screening control population, and 50 women will be re-
called for the assessment of a benign lesion. 

Additional future analyses of the German mammography 
screening program should focus on interval breast cancers. 
The German cancer registries are tasked with the identifica-
tion of interval cancers by comparing encrypted data on at-
tendance and screening results from the screening and invita-
tion units with all breast cancer cases reported from hospitals 

and pathologists. This enables identification of interval can-
cers and cancers detected among non-responders. We also 
aim to conduct a comprehensive cost-benefit analysis, includ-
ing the effect of the mammography screening program on 
breast cancer mortality.

In conclusion, by analyzing the first rounds of the newly 
implemented mammography screening program in North 
Rhine-Westphalia, we showed that the German program  
performed well and complies with the European guidelines. 
The joint efforts of all personnel responsible for execution of 
the program, the comprehensive quality assurance measures, 
and the predominant use of digital techniques resulted in suc-
cessful implementation and good performance of the popula-
tion-based mammography screening program in Germany.
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