
Abstract
!

Introduction: Since 2008 the German Mammog-
raphy Screening Programme has been available
throughout Germany to all women aged between
50 and 69. The programme strictly follows the
European Guidelines. There are controversial dis-
cussions in the media as well as in the specialised
press.
Materials and Methods: Overview of the avail-
able data with regard to an evaluation of random-
ised studies and with regard to quality-assured
screening programmes in accordance with EU
Guidelines (including data from 18 screening
countries).
Results: Positive effects of screening: reduction in
mortality, less invasive treatment. Negative ef-
fects: False-positive diagnoses and biopsy recom-
mendations, so-called overdiagnoses, radiation
dose. Limits of screening: Interval carcinomas, in-
complete reduction in mortality. A mathematical
synopsis of the latest publications from the Euro-
pean screening programmes with the diagnosis
rates in Germany determined from > 4.6 million
screening examinations produces the following:
a total of 10000 mammograms are created for
1000 women (P) taking part in the Mammogra-
phy Screening Programme (each of whom under-
goes 10 mammograms in 20 years). Overall, the
risk of triggering breast cancer through a mam-
mogram is very clearly below the annual natural
risk of suffering from breast cancer. In the German
screening, of these 1000 women, an average of
288 women are called back once in 20 years as a
result of changes that are ultimately benign (< 3%
per cycle). Of these, 74 of the 288women undergo
a biopsy due to a benign change (false-positive bi-
opsy recommendations, usually punch or vacuum
biopsies). According to EUROSCREEN, 71 carcino-
mas develop among participants (56 are discov-
ered in the screening, 15 in the interval), and 67
carcinomas among non-participants (N-P) (in

Zusammenfassung
!

Einleitung: Seit 2008 steht das Deutsche Mam-
mografie-Screening-Programm flächendeckend
allen Frauen zwischen 50 und 69 Jahren zur Ver-
fügung. Das Programm folgt streng den europä-
ischen Leitlinien. In den Medien wie auch in der
Fachpresse gibt es kontroverse Diskussionen.
Material und Methoden: Überblick über die Da-
tenlage bez. der Bewertung der randomisierten
Studien und bez. der qualitätsgesicherten Scree-
ning-Programme gemäß EU-Leitlinien (inklusive
Daten aus 18 Screening-Ländern).
Ergebnisse: Positive Wirkungen des Screenings:
Mortalitätsreduktion, schonendere Behandlung.
Negative Wirkungen: Falsch positive Befundun-
gen und Biopsieempfehlungen, sog. Überdiagno-
sen, Strahlendosis. Grenzen des Screenings: Inter-
vallkarzinome, nicht vollständige Mortalitäts-
reduktion. Eine rechnerische Synopse der aktu-
ellsten Veröffentlichungen der europäischen
Screening-Programme mit den Abklärungsraten
in Deutschland ermittelt aus > 4,6Mio. Scree-
ning-Untersuchungen ergibt folgendes: Von 1000
Frauen (TN), die am Mammografie-Screening-
Programm teilnehmen (jede davon erhält in 20
Jahren 10 Mammografien), werden insgesamt
10000 Mammografien erstellt. Insgesamt liegt
das Risiko, durch eine Mammografie Brustkrebs
auszulösen, ganz deutlich unter dem jährlichen
natürlichen Risiko, an Brustkrebs zu erkranken.
Im deutschen Screening werden von diesen 1000
Frauen wegen schlussendlich benigner Verände-
rungen durchschnittlich 288 Frauen 1-mal in 20
Jahren wiedereinbestellt (< 3% pro Runde). Davon
erhalten 74 der 288 Frauen eine Biopsie wegen
einer benignen Veränderung (falsch positive
Biopsieempfehlungen, i.d.R. Stanz- oder Vaku-
umbiopsie). Bezogen auf diesen Zeitraum entste-
hen entsprechend EUROSCREEN 71 Karzinome
bei den Teilnehmerinnen (56 werden im Scree-
ning, 15 im Intervall entdeckt), bei Nichtteilneh-
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some cases, several years later) during this period. The 4 addi-
tional diagnoses among the Ps are referred to as overdiagnoses,
as they do not contribute to a reduction in mortality (these par-
ticipants die beforehand from other causes of death). With regard
to the carcinomas that concern the screening periods, 11 women
out of 1000 die among the Ps; there are 19 deaths among the
N‑Ps (within the observation period plus follow-up period).
Discussion: The false-positive rate is unavoidable, but is far lower
with mammography screening than with other methods. Over-
diagnoses are to be expected with any early detection. All calcu-
lations require assumptions and are therefore highly discrepant.
They have very low evidence levels. The radiation dose should
not be an argument against screening when applied correctly
due to the very low risk and significant benefits. Interval carci-
nomas indicate the limits of a mammography screening pro-
gramme. False-negatives only represent a subset of the interval
carcinomas and are not to be equated with them. There is a very
high evidence level for a significant reduction in mortality
throughmammography screening. For the first time, an indepen-
dent expert commission has confirmed the results of the ran-
domised studies and the statement of the WHO from 2002 and
their further validity. Participants can expect a reduction in mor-
tality of 30%. Data from the current European screening pro-
grammes confirm a mortality reduction of 43%, corresponding
to 8/19 saved lives among 71 women with breast cancer or 1000
asymptomatic Ps. Many additional Ps benefit from less invasive
treatment due to the early detection.
Conclusions: As a result of the risk/benefit ratio, mammography
screening should absolutely be recommended to asymptomatic
women aged between 50–69. High importance is given to the
provision of education for women by the treating gynaecologists
as regards the opportunities for quality-assured early detection
available to them in the healthcare system.

merinnen (N‑TN) 67 Karzinome (z.T. mehrere Jahre später). Die 4
zusätzlichen Diagnosen bei den TN werden als Überdiagnosen
bezeichnet, da sie nicht zur Mortalitätsreduktion beitragen (die-
se Teilnehmerinnen versterben vorher an anderen Todesursa-
chen). Bezogen auf die Karzinome, welche die Screening-Periode
betreffen, sterben bei den TN 11 Frauen von 1000, bei den Nicht-
TN sind es 19 Todesfälle (innerhalb des Betrachtungszeitraums
plus Nachbeobachtungszeit).
Diskussion: Die Falsch-positiv-Rate ist unvermeidbar, ist aber
mit Mammografie-Screening weitaus geringer als mit anderen
Methoden. Überdiagnosen sind bei jeglicher Früherkennung zu
erwarten. Alle Berechnungen erfordern Annahmen und sind da-
her höchst diskrepant. Sie haben sehr niedrigen Evidenzlevel. Die
Strahlendosis sollte bei korrekter Anwendung wegen des sehr ge-
ringen Risikos bei deutlichem Benefit kein Grund gegen Scree-
ning sein. Intervallkarzinome zeigen die Grenzen eines Mammo-
grafie-Screening-Programms auf. Falsch negative stellen nur eine
Teilmenge der Intervallkarzinome dar und sind nicht mit ihnen
gleichzusetzen. Für eine signifikante Mortalitätsreduktion durch
Mammografie-Screening besteht ein sehr hoher Evidenzlevel.
Erstmalig hat eine unabhängige Expertenkommission die Ergeb-
nisse der randomisierten Studien und das Statement der WHO
von 2002 und deren weitere Gültigkeit bestätigt. Teilnehmerin-
nen können eine Mortalitätsreduktion um 30% erwarten. Daten
aus den aktuellen europäischen Screening-Programmen belegen
eine Mortalitätsreduktion von 43%, entsprechend 8/19 gerette-
ten Leben bei 71 Frauen mit Mammakarzinomen bzw. 1000
asymptomatischen TN. Viele weitere TN profitieren aufgrund
der Früherkennung von einer schonenderen Behandlung.
Schussfolgerung: Aufgrund der Nutzen-Risiko-Relation ist
Mammografie-Screening für asymptomatische Frauen zwischen
50–69 Jahren unbedingt zu empfehlen. Einer Aufklärung der
Frauen über die für sie im Gesundheitssystem geschaffenenMög-
lichkeiten für qualitätsgesicherte Früherkennung durch die be-
treuenden Frauenärzte kommt hier eine hohe Bedeutung zu.
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Introduction
!

Since it became possible to verify the efficacy of mammography
screening with regard to mortality reduction using randomised
studies approximately 30 years ago, mammography has been in-
troduced as an early detection method in numerous countries.
Quality-assured centrally organised mammography screening
programmes have been introduced in particular in Europe, Aus-
tralia and New Zealand. These organised screening programmes
follow a defined quality control procedure, which – correspond-
ing to EU Guidelines – should comprise all parts of screening, be-
ginning with the invitation and creation of the mammograms
through to determining a benign or malignant result [1]: central-
ised quality assurance for all of the mammography technology
with continuous external monitoring of equipment and record-
ing technology each working day, monthly and annually, mini-
mum requirements for all medical and non-medical staff in-
volved in screening, with regard to training and retention of pro-
fessional skills, systematic diagnosis of all scans by 2 independent
reviewers, consensus diagnosis of all abnormalities, regular par-
ticipation at interdisciplinary conferences, standardised investi-
gation chain, systematic documentation, and regular external
verification of the quality of processes and results using perform-
ance parameters.
Heywang-Koebrunner S et al. Mammography Screening –… Geburtsh Frauenheilk 2
In contrast to this, to date only what is known as “grey” (oppor-
tunistic) screening is carried out in other countries, such as the
USA, as well as Austria and Switzerland. Besides the considerably
lower quality requirements, no systematic documentation takes
place.
In Germany, a Mammography Screening Programme carried out
in strict accordance with EU was established between 2005 and
2009 (period guidelines until complete coverage).
Using the comprehensive documentation, it is now already possi-
ble to determine and assess important quality parameters from
the German programme. These enable the first assessments of ef-
ficacy to be made. However, more precise calculations into mor-
tality reduction are naturally only possible 8–10 years after a
screening programme is established.
The efficacy of organised mammography screening is now well
documented by the results of randomised studies [2], as well as
by epidemiological evaluations from 18 screening countries [3].
Despite the high level of evidence available, mammography
screening is intensely debated among advocates and early detec-
tion critics.
013; 73: 1007–1016
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Materials and Methods
!

This work is intended to provide an insight into the data cur-
rently available, show the evaluation of randomised studies, also
with regard to quality-assured screening programmes in accord-
ance with EU Guidelines (including data from 18 screening coun-
tries), explain the possibilities and limits of mammography
screening, and report on the results already available from Ger-
many. This is not a systematic review.
Results
!

Reducing mortality was defined as the most important goal of a
mammography screening programme. Besides this main effect,
there are other positive effects that result from an earlier detec-
tion of cancer. They relate above all to less invasive treatment op-
tions (more breast retention, avoidance of axillary dissection, re-
duction in chemotherapy and a better cosmetic result).
The fact that interval carcinomas and also advanced stages are
not preventable indicates the limits of mammography screening.
Potential side effects result from the low dose of radiation ap-
plied, from false-positive diagnoses, and possible overdiagnoses.

Reduction in mortality
The reduction in mortality through mammography screening
was investigated in 8 randomised studies. These showed that a
reduction in mortality of approximately 30% is to be expected
on average for a woman taking part every 2 years over a period
of 20 years.
Since the year 2000, the results of the randomised studies have
been called into question by Goetzsche. He initially attempted to
declare 6/8 randomised studies as invalid due to the cluster ran-
domisation (a common and recognised randomisation tech-
nique) used in these because, in principle, age differences can oc-
cur between study and control groups when cluster randomisa-
tion (invitation/non-invitation to entire locations/cities) is used
[4]. He therefore excluded 6 out of 8 randomised studies based
on his own formalistic definition, although it was possible to
show that the, in some cases opposing, average age differences
between the studies (of just a few months in each case) had no
effect on the overall result.
Of the remaining 2 studies, which Goetzsche continues to this
day to assess as reliable according to his own definition, the study
conducted in Canada is highly controversial due to significant de-
ficiencies in mammography quality and due to possible severe
flaws in randomisation [5–7]. During the study conducted in
Malmö, the verifiable effect was reduced as there was a high
cross-over level (high proportion of participants among the un-
invited women and vice versa).
In further publications, Goetzsche [8] doubted the objectivity of
the manner in which cause of death was determined in some of
the studies. These claims have not been confirmed following re-
evaluation of these studies by an independent WHO commission
[9].
Despite the clear statement by the WHO in 2002, Goetzsche con-
tinues to insist on a selectively different assessment of the
present randomised studies and also postulates a mortality re-
duction of just 15% between invited vs. uninvited women.
In 2012, an independent panel of experts in the United Kingdom
was commissioned to re-evaluate the mortality reduction [2].
The independent panel re-evaluated both the data from the ran-
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domised studies and the available meta-analyses and took into
account arguments from screening advocates and opponents. It
was clear that a mortality reduction of 20% can be assumed with
regard to invited vs. uninvited women. As in the randomised
studies only 70% of the invited women took part in the screened
group, a mortality reduction of 20% relating to invited vs. unin-
vited women corresponds approximately to a mortality reduc-
tion of > 30% for actual participants [10]. Overall, the indepen-
dent British expert commission thus confirms the results of the
randomised studies and the statement by the WHO from 2002.
The British expert commission explicitly confirms that it can find
no reason to exclude some of the randomised studies. It also
takes the view that the effects of improved treatment and effects
of diagnosis are very likely independent of each other, so the
proven mortality reduction achieved through mammography
screening is to be expected in addition to the treatment improve-
ments made since. Reference is also made to the simultaneous
improvement in mammography technology since the random-
ised studies were concluded (30 years ago).
Naturally, no further randomised studies have been possible
since state screening programmes were introduced. This means
that other study types are required in order to be able to assess
the effect among participants vs. non-participants. Institutions
which supervise the screening programmes in the screening
countries and have assessed the primary data have explicitly in-
dicated the need for a correct statistical methodology [11].
Simple trend analyses are considered unsuitable as cases of
breast cancer that already occurred prior to the start of the
screening programme and the deaths resulting from these can-
not be correctly separated out. This can lead to significant under-
estimates of mortality reduction. Furthermore, additional exter-
nal influences cannot be sufficiently identified or taken into ac-
count.
Incidence-based mortality studies and case-control studies ap-
pear suitable [11,12]; however, an under- and overestimate of
the effect is possible both for mortality studies and case-control
studies. An adequate follow-up period is of the utmost impor-
tance. As breast cancer was discovered many years earlier in
some cases in the study group, it is essential for calculating mor-
tality reduction that the tumours discovered significantly later in
some cases in the control group and and their later follow-up are
recorded. If one takes into account that tumours become sympto-
matic following a period of time that differs greatly from individ-
ual to individual (example DCIS), but can then progress in very
different ways, a follow-up period of at least 10 years is consid-
ered indispensable.
Additional possible influencing factors are also to be taken into
account for all the study types. These relate to regional differ-
ences, time-based trends, relevant age differences, and the influ-
ence of diet and medication that can occur between the study
group and the selected control groups.
A systematic review, which analysed studies from 18 screening
countries with regard to the correct statistical methodology and
included those studies that fulfilled the aforementioned require-
ments, showed an average mortality reduction for actual partici-
pants of 43% (38–48%) using the data from 18 screening coun-
tries [13].
Studies that recently reported an incomprehensibly low mor-
tality reduction [14,15] indicated the aforementioned problems,
e.g. no segregation of the carcinomas that occurred prior to
screening, as well as, in the final case, a follow-up period of just
2 years (!).
t al. Mammography Screening –… Geburtsh Frauenheilk 2013; 73: 1007–1016



Table 1 Most important results: Performance parameters with regard to the detection of breast cancer. Performance parameters affecting the detection of
breast cancer: all parameters correspond to the requirements of the EU Guidelines [1,24].

Parameter Reference range EU Guidelines,

4th edition

Results screening Germany 2008–2009

First

examinations

Subsequent

examinations

First

examinations

Subsequent

examinations

4. Breast cancer detection rate (multiple of the regional
background incidence)

≥ 3 × IR ≥ 1.5 × IR Regionally
fluctuating (1.7–4.6)

Regionally
fluctuating (1.4–4.0)

5. Breast cancer detection rate (cases per 1000) approx. 7.5/1000 approx. 3.8/1000 8.2‰ 5.6‰

6. Proportion of in-situ carcinomas 10%
> 15%

10%
> 15%

19.5% 19.8%

7. Proportion of invasive carcinomas ≤ 10mm n.a.
≥ 25%

25%
≥ 30%

30.0% 34.9%

8. Proportion of invasive carcinomas < 15mm ≥ 50% ≥ 50% 51.3% 57.2%

9. Proportion of carcinomas not involving the lymph nodes
(N−)

n. a.
> 70%

≥ 75% 74.8% 79.0%

10. Proportion of carcinomas in UICC stage II+ n.a.
< 30%

≤ 25% 28.9% 24.2%

Table 2 Most important results: Performance parameters with regard to investigation. All performance parameters affecting investigation fulfil the requirements
of the EU Guidelines 4th edition [1,24].

Parameter Reference range EU Guidelines,

4th edition

Results screening Germany 2008–2009

First

examinations

Subsequent

examinations

First examinations Subsequent

examinations

3. Call-back rate 5–7% 3–5% 6.1% 3.0%

11. Proportion of preoperatively detected carcinomas ≥ 90% (3rd ed. > 70%) 91.7%

12. PPV I n.a. 14.8%

13. PPV II n. a. 49.4%
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Data on mortality reduction are to be expected from the German
programme at the earliest 10 years after the national screening
programme is established nationwide. The necessary data pro-
tection regulations are currently still being finalised for this pur-
pose across the country.
The process and results parameters available to date that influ-
ence mortality (detection rates, stage distribution of the discov-
ered carcinomas) enable an effect comparable with that of other
programmes to be expected for Germany. l" Tables 1 and 2 show
the most important results obtained in the years 2008–2009 and
the requirements in accordance with EU Guidelines. l" Fig. 1 of-
fers an overview of the stage distribution of the carcinomas dis-
covered in the screening programme compared with the stage
distribution within the same age groups before the screening
programme started.l" Fig. 2 shows the carcinomas that do not in-
volve the lymph nodes in the target population and among the
screening participants.

Less invasive treatment
If one combines themore favourable stage distribution of the car-
cinomas among screening participants with the current ap-
proach in line with the guidelines, it is clear that benefits of early
detection in no way only apply to women whose lives can be
saved. Naturally, better cosmetic results, a higher rate of breast-
conserving therapy (BCT), fewer axillary dissections and less che-
motherapy are to be expected when smaller carcinomas are dis-
covered.
Screening opponents also report here on a lack of benefits or
even of disadvantages (e.g. higher mastectomy rates) [8,16].
Heywang-Koebrunner S et al. Mammography Screening –… Geburtsh Frauenheilk 2
The reported disadvantages relate in one case to very old data
(prior to systematic introduction of BCT) [8], in another case
[16], these calculations may have arisen from a counteracting
effect caused by the simultaneous introduction of screening and
a parallel change in therapeutic standards (modern treatments
particularly benefitted the carcinomas discovered later in the
control group).
Contrary to the calculations by screening opponents, responsible
institutions in various countries were able to demonstrate the
following benefits (to be expected from the changed stage distri-
bution) for screening participants:
" A reduction in mastectomies in favour of a higher BCT rate
" A higher rate of sentinel lymph node operations with a reduc-

tion in axillary dissections [17–19]
There is still the absence of a Cancer Register comparison in Ger-
many, but an incidence-based trend analysis from Bavaria is now
available for the first time. This compares treatment trends from
2000 to 2008 for various age groups. These show the following
initial trends for the age group of 50- to 69-year-olds (at partici-
pation in screening, which rose during this period from 0 to ap-
prox. 30%) in comparisonwith the other age groups: mastectomy
rates falling more significantly, more pronounced fall in adjuvant
chemotherapies, more pronounced fall in axillary dissections
[20].

Radiation dose
As radiation can trigger cancer, it is particularly important that
the radiation dose is optimised for screening, where predomi-
nantly healthy women are regularly examinedwith X-rays. How-
013; 73: 1007–1016
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Fig. 1 Simple T-stage distribution of invasive breast cancers in the screen-
ing (2005–2007, 2008–2009) and in the target population (2000–2005).

There is a noticeable increase in small invasive carcinomas in the screened
population [24].
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Fig. 2 Proportion of lymph node-negative carcinomas in the screening
(2005–2007, 2008–2009) and in the target population (2000–2005). The
effect of the screening can already be seen at the beginning of the pro-

gramme: an increase in node-negative carcinomas with a simultaneous
reduction in node-positive carcinomas in the screened women [24].
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ever, the image quality and dose are closely linked. In order to
achieve optimal image quality with a minimal required dose and
thus ensure that the smallest changes are detected, apart from
using modern technology, optimally coordinated equipment, pa-
rameters and positioning, the continuous training and testing of
diagnosticians, and the optimisation of the entire screening chain
are crucial. The most important technical components are moni-
tored daily online and annually in person during the screening.
According to early cancer detection guidelines and German X‑ray
regulations, what are known as IGeL mammograms (individual
healthcare services not featured on the list of services covered
by statutory health insurance companies), for which all the pro-
vided quality assurance for the screening can be circumvented,
are not permissible for early detection in asymptomatic women.
A mean parenchyma dose of significantly below 4mGy is now as-
sumed within the quality assurance provided for the screening.
(The parenchyma dose required on an individual basis varies
considerably depending on breast size and compression.)
Overall, (according to current calculations) the risk of triggering
breast cancer through a mammogram is very clearly (factor of
50–100) below the annual natural risk of suffering from breast
cancer as early as from the 40th year of life [21,22]. If one as-
sumes that mortality can be reduced through quality-assured
mammography screening, which naturally also applies to rare
cases of triggering cancer through mammography, the calculated
benefit is significantly greater than the risk. This is the reason
why mammography screening is approved and recommended
in Western countries. According to the S3 Guidelines [23], the ra-
diation dose applied during a screening mammogram cannot be
considered an argument against screening mammography.

False-positive rate
The German Mammography Screening Programme is conducted
purely in the form of mammography screening according to EU
Guidelines. If an abnormality is detected as part of independent
double reading and the subsequent consensus conference, the
doctor responsible for the programme (DRP) invites the woman
for further tests (called an imaging assessment). During most
imaging assessments, malignancy can be excluded from the very
first diagnosis appointment. If this is not possible, a histological
assessment follows, which is carried out by highly experienced
examiners as gently as possible using minimally invasive meth-
ods in over 90% of cases. When assessing the programme, every
invitation for investigation counts as a positive finding and is des-
ignated as “false-positive” if the finding is ultimately discovered
to be benign. The investigations conducted in Germany are al-
ready being collected prospectively and are thus clear [24]. For
the years 2008–2009 (l" Tables 1 and 2), 6.1% of women were in-
vited for further investigation at the first examinations, which
corresponds to a “false-positive rate” of 5.3% with 8.2 carcinomas
discovered among 1000 screened women. At subsequent exami-
nations (women who take part in screening repeatedly) an aver-
age of 3% of womenwere invited for diagnosis with 5.6/1000 dis-
covered carcinomas, corresponding to a “false-positive rate” of
2.44%.
Histological assessments (usually minimally invasive investiga-
tions) were conducted in the screening in 2008–2009 for 1.5% of
all women (first and subsequent examinations)1 whereby a ma-
1 Data from the German Mammography Screening Programme.
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lignant tumour was found in 7.6/1000 women1. This corresponds
to a rate of 0.74% false-positive biopsy recommendations.
Screening opponents calculate the number of “false-positive
findings” over 20 years of screening based on far higher investi-
gation rates in the USA and talk of so-called “false-positive rates”
of up to 50% in the screening. This does not apply to the German
programme.
In addition to the rate of false-positive biopsy recommendations,
the false-positive rate (relating to the recommendation for fur-
ther investigation) in the Mammography screening is far lower
than for other imaging methods, at 5.3% in the first and 2.44% in
the subsequent screening cycles [25].
If one then calculates false-positive rates relating to the 20-year
“screening life” of a woman in the German Mammography
screening, this indicates, using the results gathered prospectively
for 2008–2009 [24], that < 300 out of 1000 women on average
would be invited for additional imaging once within 20 years
due to an ultimately benign finding. A histological assessment is
required to determine a benign finding in 74 of these women on
average. At the same time, 76 breast cancers are found in the
screening during this period.
In comparison with the pooled results from other screening
countries [26], the call-back rate for imaging investigations in
Germany is somewhat higher on average, with a comparable rate
of histological examinations. Of particularly favourable note is
the considerably lower proportion of open biopsies, which is ex-
plained by the consistent introduction of modern minimally in-
vasive techniques in the German programme.

Interval carcinomas
Interval carcinomas are defined as carcinomas that occur within
24 months following a screening mammogram without patho-
logical findings (i.e. in the screening interval). They are not to be
equated with overlooked findings, as these only constitute a pro-
portion of interval carcinomas (see below) [29]. However, they
indicate the limits of a screening programme.
Breast cancers can develop at any time (and not just every 2
years); the screening measures only take place at set intervals
(every 2 years). There are no methods (either mammography or
other imaging procedures) that have a 100% prediction probabil-
ity for 2 years, meaning that interval carcinomas are unavoidable
throughout the world and with the use of all screening methods.
Interval carcinomas in mammography screening are comprised
as follows:
1. Carcinomas that develop in the interval and thus did not exist

(“no sign”) at the time of screening.
2. Carcinomas that exist at the time of screening but are not iden-

tifiable (“no sign”) using the Mammography method (even
retrospectively).

3. Carcinomas that are prospectively not identifiable or cannot be
differentiated from benign changes with sufficient certainty,
but their existence or development in a corresponding location
can be suggested retrospectively based on an unspecific mam-
mographic change (“minimal sign”).

4. Carcinomas that are overlooked or incorrectly assessed (even
by 2 experienced examiners with independent readings)
(“missed” or “misinterpreted”).

A distinction between the aforementioned groups is in no way
trivial, as there are naturally blurred transitions. As mammogra-
phy is difficult to interpret (like other mamma-diagnostic meth-
ods) due to the countless standard variants and various benign
changes, widely different assessments can bemade in some cases
013; 73: 1007–1016



2 The figures from the German screening may currently be calculated too
highly as this figure for 2008–2009 is comprised primarily of the more fre-
quent histological investigations in the first screening cycle.
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– depending on the prior information (knowledge of location and
appearance of the carcinoma subsequently diagnosed vs. blind
diagnosis mixed with unremarkable cases) [26]. Where there is
a lack of blinding and a retrospective assessment, the prospective
diagnosability of a finding can sometimes be significantly over-
estimated, particularly by less experienced assessors when the
localisation of a finding is known to them.
For patients and investigators from outside this field, it is also
sometimes difficult to understand that, although mammography
generally offers good sensitivity for small carcinomas, it is some-
times not possible to diagnose larger carcinomas using mam-
mography. This is explained by the fact that, depending on the
mammary glands and carcinoma type, carcinomas that do not
contain anymicro-calcifications can be hidden by denser glandu-
lar tissue or benign changes, or imitate these changes. This can
particularly apply to diffusely growing carcinomas and carcino-
mas that develop in pre-existing asymmetries (which frequently
occur as normal findings).
Overall, based on the results of European screening programmes,
one assumes that approx. 25% of all carcinomas that occur or de-
velop among screening participants within 2 years are diagnosed
in the interval [1,27]. Carcinomas that are actually overlooked
may only constitute a small proportion of all interval carcinomas
(below 5–10%) with independent double reading in this regard.
No precise figures are yet available for the German Mammogra-
phy Screening Programme due to the data protection regulations
still undergoing clarification.
An initial fully anonymised Cancer Register comparison for the
years 2005–2007 (first screening cycle) from North Rhine-West-
phalia [28] indicated a proportion of 22% interval carcinomas.
This corresponds to a mammography sensitivity of 78% for the
first cycle based on the whole (!) 2-year interval. For a woman
with an unremarkable screening finding, the probability that no
breast cancer will also be found in the interval during the follow-
ing 2 years is at > 98.8% (negative prediction value).
In other words, one could also say that an interval carcinoma
must be expected in 15 out of 1000 women with unremarkable
mammography screening findings (first cycle).
Due to the anonymisation currently required under data protec-
tion law, it was still not possible to conduct analyses of individual
cases. Owing to the naturally lower breast cancer detection rate
in the subsequent screening cycles, a somewhat lower overall
sensitivity is to be expected for future calculations. Programme
sensitivities between 67 and 84% are reported from established
European screening programmes [27].
These results, like (see above) the other surrogate parameters,
are indicative of the good quality of the German Mammography
Screening Programme by international comparison. This result
also includes the possibilities of errors (counteracting in each
case), as there is no individual case comparison and there are re-
maining gaps in the Cancer Register.

Overdiagnoses
Overdiagnosis is defined as the diagnosis of breast cancer which
would not have been discovered during the womanʼs lifetime
without screening. Overdiagnoses are thus unwanted screening
results. In the biological sense, additionally diagnosed breast can-
cer in the screening group is just as much real breast cancer as
any breast cancer discovered outside of the Screening Pro-
gramme, the early detection of which can save lives.
Overdiagnoses are created in that breast cancer is sometimes
identified much earlier in the screened group than in the
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unscreened group (called lead-time bias). This early diagnosis
then becomes overdiagnosis when the breast cancer, for instance
in the case of a low-grade DCIS, develops so slowly that the pa-
tient dies before the breast cancer would have become sympto-
matic (without screening).
As neither the remaining lifetime of the woman nor the precise
course of the illness without discovery can be predicted on an in-
dividual basis, overdiagnoses can never be determined in an indi-
vidual woman with certainty.
The calculation of overdiagnoses and how they differ from early
diagnoses is extremely difficult and subject to considerable un-
certainties, as assumptions are always required here. Assump-
tions are always required for such calculations. Depending on
the calculation method, there are extreme deviations in the cal-
culation of expected overdiagnoses. Estimates of between 0 and
50% of all breast cancers diagnosed in the screening have been
published [30–34].
The possibilities of errors may be present for all estimation pro-
cedures [11,30,35].
Calculations of extremely high overdiagnoses [31,32] can largely
be explained methodologically, e.g. through an inadequate fol-
low-up period, insufficient consideration of the length-time bias
in the statistical approach, selection of unsuitable control groups,
no consideration of external trends). The EUROSCREEN Group
analysed the literature on this topic, paying particular attention
to the correct methodology, and estimated the rate of overdiag-
noses as 1–10%, 6% on average [30].
Reliable estimates regarding the frequency of overdiagnoses may
come to between 5 and 20% of all cancer diagnoses [2,30,33,34].
Overall, it should be emphasised that, due to the strong influence
of the calculation methodology and the controversial and dis-
crepant results in the literature, the existing evidence should be
classed as very low with regard to the calculation of overdiagno-
ses. The scientific data currently available on this subject are thus
clear and are inconsistent with the views of screening opponents.

Overview and absolute figures
Percentage information, both from screening opponents and
screening advocates, is used. This can vary significantly depend-
ing on the reference basis and lead to relative distortions with a
changing reference basis, producing a false image.
An overview is provided below of the absolute frequencies of
positive and negative effects to be expected from screening
(l" Table 3). It is important to understand that, although breast
cancer can affect one in 9 women in their lives (lifetime risk ap-
prox. 11%), the annual risk (annual!) is low at 3/1000. This shows
the need for regular examinations of many asymptomatic wom-
en if one wishes to detect breast cancer early or in good time.
Below, 1000 womenwho take part in the screening over 20 years
(P) are compared with 1000 women who do not take part (N-P).
The participants undergo a mammogram every 2 years (= 10,000
screening mammograms in 20 years between 50–69).
As a result of a benign finding1, 288 women on average are in-
vited for diagnosis once in 20 years (28.8/1000 per cycle or almost
3%), of which 74 (7.4 per cycle2) have to undergo a histological
investigation once in 20 years due to a benign finding.
t al. Mammography Screening –… Geburtsh Frauenheilk 2013; 73: 1007–1016



Table 3 Overview with regard to the numerical data to be expected in the screening (absolute values for 20 years of screening among 1000 participants). The
values come from the review by the EUROSCREEN Working Group [3] and include the median values in the German Screening Programme with regard to diagno-
ses. 19 women2 die without screening in the control group; 11 (10 to 12) women2 die in the screened group. This corresponds to 8 lives saved among 1000
screening participants or a mortality reduction of approx. 43%.

With screening (P) Without screening (N-P) Difference

Number of women 1000 1000

Mammograms/20 years 10000 unknown

Call-backs for any diagnosis due to benign changes 288 (incl. biopsies) unknown

of which:
" Biopsy due to benign change 74 unknown
" discovered carcinomas (screening period and follow-up) 71 67 4 (− 14)
" Deaths due to carcinomas (relating to screening period) 11 19 7 to 9
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According to the calculations by the EUROSCREEN Group, an
average of 71 breast cancers are found in Ps (approx. 56 in the
screening and 15 in the interval), while there are an average of
67 breast cancers in the control group (N‑Ps) (taking into account
an adequate follow-up period). The difference of 4 carcinomas
thus corresponds to the overdiagnoses. (These are actual breast
cancers that would not be detected during the womanʼs lifetime
without screening. According to calculations by the UK panel, it
could be up to 143.)
A relevant proportion of the 56 women with breast cancer dis-
covered in the screening may benefit from earlier discovery
(more breast retention, fewer axillary dissections, less chemo-
therapy due to discovery at an earlier stage). There are no model
calculations available here.
19 women2 die without screening in the control group; 11 (10 to
12) women2 die in the screened group. This corresponds to 8 lives
saved among 1,000 screening participants or a mortality reduc-
tion of approx. 43%.
Discussion
!

Since its introduction between 2005 and 2009, mammography
screening has become increasingly established in Germany. The
outcome parameters of the German Mammography Screening
Programme fulfil the requirements of the EU Guidelines and also
show very good results (l" Tables 1 and 2) by international com-
parison.
In view of the astoundingly high rate of carcinomas discovered
(despite opportunistic grey screening, which exists in parallel),
not only can it be argued that there is a generally slightly higher
diagnosis rate using imaging investigations compared with other
screening countries, but this also lies within the scope of the limit
values specified by the EU Guidelines. The biopsy rate calculated
for the German programme appears high with regard to the
whole programme, but is distorted by the high number of first
examinations, for which higher biopsy rates must be applied.
The gratifyingly high proportion of minimally invasive biopsies
among the histological investigations in the German programme
is to be noted. This may be due to the early inclusion of vacuum
biopsy, as well as to the introduction of digital screening, for both
of which Germany proved to be a pioneer in Europe. Data on
3 The calculations result from 2 randomised studies with a follow-up period
of 6 years. An incorrect increase in this calculation can also be produced
when former screening participants have also undergone a grey screening.

Heywang-Koebrunner S et al. Mammography Screening –… Geburtsh Frauenheilk 2
mortality reduction or overdiagnoses are not to be expected yet,
as coverage was only achieved in 2009. According to current
knowledge (based on stage distribution and detection rates), it
is to be expected that the German programme can achieve com-
parable effects to those seen in other quality-assured screening
programmes in Europe.
In general, both positive effects and possible side effects are to be
expected from screening programmes (as is the case for other
medical measures).
Following countless attacks against the Mammography Screen-
ing Programme, an independent British panel has since con-
firmed that the mortality reduction calculated using randomised
studies and specified by WHO (approx. 30% for the actual partic-
ipant) continues to be valid. The EUROSCREEN Working Group
was able to calculate a mortality reduction of approx. 43% for the
current quality-assured screening programmes using the data
from 18 countries (l" Table 3). All the data available so far indicate
that the programme is highly effective, including in Germany.
Amortality reduction of 43% corresponds to approx. 8 lives saved
per 1000 screening participants. (It should be taken into account
here that only 70 breast cancers occur among 1000 participants
within the 20 screening years between 50–69, of which approx.
19 are fatal without screening.)
Information from screening opponents, who claim a “benefit”
among “just 1/1000” women or a similarly low efficacy, does not
correspond to the data resulting from all of the meta-analyses
and randomised studies [2], and relates to other periods of time
or another age group (e.g. 10 years of screening among under-
40s, etc.) The advantages of earlier treatment are also ignored.
The radiation dose, which is often stated as the primary disad-
vantage, should still not be an argument against screening when
applied correctly due to the very low risk and significant benefits
[21–23]. Warnings should be issued about so-called IGeL mam-
mograms (with questionable application in some cases, e.g. due
to low-dose mammography or a “wellbeing factor”) due to the
lack of quality assurance and thus also uncertain effects.
If breast cancer is to be discovered at an early stage, further inves-
tigations with a certain number of ultimately benign changes (as
for almost all medical tests) are unavoidable. Call-backs are nec-
essary during the screening for this reason. Fortunately, quality-
assured mammography screening has a very high specificity, so
only approx. 30/1000 women need to be called back per screen-
ing cycle. Based on the screening period, this means that almost
300 women are called back once (i.e. in 10 screening cycles) with-
in 20 years due to an ultimately benign finding. Quality-assured
investigations in mammography screening take place in as mini-
mally invasive a manner as possible (mostly without biopsies,
013; 73: 1007–1016
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otherwise usually with minimally invasive biopsy techniques).
Approximately one in every two needle biopsies demonstrates a
malignant tumour. If one contrasts these disadvantages with the
benefit of saving lives and the less invasive treatment on earlier
diagnosis, the stress of investigation is medically low and highly
justifiable. A close collaboration between the screening unit and
the treating gynaecologists and GPs should absolutely be strived
for in order to bypass any possible short-term, highly individual
mental stress experienced by the patient between the invitation
and investigation.
There is actually no other diagnostic method with such high
specificity as the Mammography Screening Programme. If one
compares ultrasound and MRI when used for the early detection
of breast cancer with mammography, it is initially to be noted
that there is a lack of prospective studies among asymptomatic
women without an increased risk. Among risk collectives it can
be seen that, depending on the risk constellation, sensitivity can
be increased using supplementary methods. However, specificity
falls considerably when other methods are added. With mam-
mography alone, significantly fewer invasive investigations
(> factor 3) are required, in particular [25,38]. Recommendations
for short-term check-ups (where stated in the literature) are, in
some cases, more than 10 times higher for sonographic and MRI
investigations than for mammography [38,39].
A further unwanted effect of every screening investigation that is
relevant when applying sensitive test procedures (i.e. procedures
that can identify cancer long before it is palpable) is what is
known as overdiagnosis. Overdiagnoses are thus to be expected
with any early detection method (including grey screening), but,
in principle, cannot be determined due to a lack of data. They oc-
cur when breast cancer is discovered very early using imaging (or
another test) and/or grows very slowly, so the woman would not
have known about it during her lifetime without screening. An
excessively high number of overdiagnoses is to be avoided as it
does not contribute to a reduction in mortality, yet the patient is
placed under unnecessary stress by the knowledge of her breast
cancer and the treatment. Unfortunately, all estimates are tainted
by significant calculatory fluctuation margins due to the uncer-
tain state of data. The current discussion regarding overdiagnoses
[31], which are even incorrectly shown as wrongly diagnosed
breast cancer in some cases, is scientifically incomprehensible
and hardly defensible medically in terms of the patient in light
of the very low evidence level that exists.
In view of the benefits, the number of overdiagnoses ascertained
according to reliable calculations appears to be absolutely justifi-
able in medical terms. It is important to understand that it is not
possible to predict for any individual woman whether the very
early diagnosis of breast cancer benefits her (by saving her life
and through better treatment options) or could be an overdiag-
nosis. Discovery and appropriate treatment therefore remain
sensible and important. The “damage” of an overdiagnosis is ac-
tually closely linked to the treatment that follows it. Chemother-
apy and axillary dissections are usually rare, especially in the case
of early breast cancers. However, with increasingly earlier discov-
ery, it is particularly important that treatment is adjusted opti-
mally to suit the individual risk of the patient.
Despite the high sensitivity of mammography, interval carci-
nomas are unavoidable. Through appropriate investigation, it
should be ensured that clinical findings undergo a further inves-
tigation, even after a screening mammogram without pathologi-
cal findings.
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Although it is known that additional breast cancer cases can be
found with sonography or MRI, pure sonography or MRI-based
screening is currently not possible due to their far lower specific-
ity and the as yet insufficient quality assurance for screening.
The first encouraging results have been reported on the prospec-
tive application of tomosynthesis, a mammographic method
whereby tomographic images of the breast are produced [36,37].
Regardless of the discussions generated by screening critics
(these are actually opponents of any early detection measures),
quality-assured mammography screening proves to be a sensible
and important measure. Any side effects and limits are to be tak-
en into account and minimised. It should be explicitly noted that
any side effects of screening apply at least equally to grey screen-
ing, although the effects and side effects cannot be verified for
this, nor can the quality appropriate for early detection. Although
acceptance of screening is high among screening participants
[24], the national participation rate should be further increased
from the recently published 54% of women. Gynaecologists, in
particular, can perform important clarification work here.
Future research should be concentrated on possible and sensible
amendments, especially to reduce interval carcinomas and late
stages. The optimal adjustment of treatment is important for
small breast cancers discovered at an especially early stage. A re-
duction in stressful treatments should be looked at here using
suitable studies.
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