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SUMMARY

Background: Cancer screening programs must meet high standards for quality
and effectiveness, because many healthy persons need to be screened to de-
tect relatively few cases of cancer. In this study, we use the rate of interval
cancers as an important surrogate indicator for evaluating the German mam-
mography screening program (MSP).

Methods: All first-time participants in the MSP in the German federal state of
North Rhine-Westphalia over the period 2005-2008 whose screening mammo-
gram had been read as negative were followed over the next 24 months for the

potential development of breast cancer (an “interval cancer” or IC). The screen-

ing data in the MSP database were compared in anonymized fashion with re-
ports of cancer that were recorded at the Epidemiological Cancer Registry
North Rhine-Westphalia.

Results: Among the 878 764 women with negative screening mammograms in
the first screening round, 2036 (23.2 per 10 000) developed an IC in the
ensuing 24 months. These ICs accounted for 40% of all T2-T4 breast cancers
occurring in first-time participants in the screening program in the 2 years
after screening. The relative rate of IC compared to the background incidence
of breast cancer before introduction of the MSP was 27% in the first year and
58% in the second. Screening detected 78% of all breast cancers that occurred
during a maximum of 2 years after screening.

Conclusion: The IC rates in the implementation phase of the MSP agree with
those found in other, established European programs. The present study is the
first one to assess this important surrogate parameter to characterize the ef-
fectiveness of the German MSP among women in North Rhine-Westphalia,
Germany’s largest state by population.
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s creening programs are a secondary cancer pre-
vention measure. As a result of earlier diagnosis

at a tumor stage with a more favorable prognosis,
screening is intended to lead to less invasive treatment,
longer lifespan, and, ideally, full recovery for those
who test positive (1). Every population-wide cancer
screening program involves testing a population of
which the vast majority of individuals are healthy in
order to reveal a very small percentage who have a
disease, generally at a preclinical stage. The quality and
benefit requirements for these programs must therefore
be very high (2).

In Germany’s most populous federal region, North
Rhine—Westphalia, the first screening units of the Ger-
man mammography screening program (MSP) became
operational as part of routine care on 24 October 2005.
By 11 August 2008, all 23 screening units planned in
North Rhine-Westphalia with at least one mammography
unit were up and running. Comprehensive implemen-
tation of the screening program in North Rhine—West-
phalia was completed on 23 December 2009.

Like similar programs in most European countries
with population-wide mammography screening, the
German screening program is geared towards the
quality requirements established in the European
Guidelines for Quality Assurance in Breast Cancer
Screening and Diagnosis (3). The EU guidelines distin-
guish between performance indicators and surrogate in-
dicators. Since the German Mammography Cooper-
ation Association (Kooperationsgemeinschaft Mam-
mographie) put forward adapted performance and pro-
cess parameters in its evaluation reports for the German
MSP, the authors have analyzed the phase between
screenings.

Performance indicators themselves give no direct in-
formation on the effect of screening on breast cancer
mortality, but they do reflect the range and quality of
individual steps within the screening process. In order
to obtain initial evidence of the efficacy of the breast
cancer screening program even before an expected
long-term reduction in the breast cancer mortality rate
occurs, the EU guidelines recommend that surrogate
parameters be assessed and evaluated. The following
parameters, among others, can be used for this purpose:
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mography screening program

Interval cancers are both an important performance indicator (“inter-
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KV-SafeNet, a secure reporting intranet used by the German Associations of Statutory Health
Insurance Physicians (KVen, Kassenérztliche Vereinigungen)
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® The breast cancer detection rate (the number of
screening participants with breast cancer detected
at screening as a percentage of all participants)

® The stages of tumors detected at screening

® The rate of interval cancers and their tumor

stages.

Interval cancers are breast cancers detected indepen-
dently of the cancer screening program in the interval
before the next screening (24 months), in screening
participants who had had negative screening mam-
mography results. These surrogate parameters are a part
of regular evaluation of the program, with the excep-
tion of the stage distribution of interval cancers. The
implementation phase of the MSP in North
Rhine—Westphalia has already been analyzed by our
working group in terms of the above-mentioned
parameters (4, 5) (Figure 1).

This article analyses the incidence rates of interval
cancers in women who had tested negative at initial
screening between 2005 and 2008, on the basis of data
from the Epidemiological Cancer Registry North
Rhine—Westphalia (EKR NRW). The aim of this is to
provide an early assessment of the efficacy of mam-
mography screening.

Methods

Screening takes place in accredited mammography
units. One or several mammography units, together
with diagnosis units, form a screening unit.

North Rhine—Westphalia has 23 screening units: 13
in Westphalia—Lippe, and 10 in North Rhine. The
number of women entitled to screening between the
ages of 50 and 69 years was 2 251 008 (as of 31 De-
cember 2008).

Data from North Rhine—Westphalia’s screening units
were compared with those of the EKR NRW after being
anonymized for the purpose. Full comparison was im-
possible for only one of the 23 units. This was because
at that unit findings had initially been documented
without using the MaSc software that was used
throughout North Rhine—Westphalia. Data from the
screening units were submitted to the EKR NRW in the
same way as when reporting any incident cancer case,
according to the current provisions of North
Rhine—Westphalia’s cancer registry law (Figure 2).

Double-encrypted personal data were used for data
comparison in the EKR NRW, in the form of probabi-
listic record linkage. This whole procedure, including
record linkage and its evaluation, has been described in
detail elsewhere (6-9). Probabilistic comparison of
screening data with the reports in the EKR NRW was
performed only for women in whom first-round mam-
mography screening in 2005 to 2008 yielded normal
results or subsequent diagnosis procedures did not con-
firm breast cancer (negative initial screening).

The regional background incidence rate was used as
the reference value for evaluation of the effects of im-
plementing the MSP. According to the EU guidelines
background incidence is defined as the incidence rate
of invasive breast cancers (ICD-10: C50) observed
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before implementation of screening in the target popu-
lation of women aged between 50 and 69 years.
Because the EKR NRW was not fully set up until 1
July 2005, data for 2000 to 2004 from the long-
established cancer registry of the administrative area of
Miinster were used to calculate the regional back-
ground incidence rate for North Rhine—Westphalia (the
completeness of breast cancer data was above 95% for
the years 2000 to 2002, and above 90% for 2003 and
2004). The background incidence was 269.1 cases per
100 000 women eligible for screening (10).
The completeness of recorded cancer data is particu-
larly important for the detection of interval cancers.
Statewide registration of all new disease cases in North
Rhine-Westphalia was achieved because all pathol-
ogists and breast centers, in particular, were connected
electronically with the epidemiological cancer registry.
As a result, a high level of breast cancer registration
was attained from 2006 onwards in Westphalia—Lippe
and from 2007 onwards in North Rhine, with complete-
ness substantially above 90% (8).
The breast cancer detection rates for North
Rhine—Westphalia have already been reported else-
where (5). For comparison we therefore refer to the
published statewide detection rate and T-category dis-
tribution in first-time screening participants for 2005 to
2008 (the number of breast cancer cases detected at
screening as a percentage of the number of participants)
based on MaSc documentation.
Interval cancers are all in situ cancers and invasive
cancers (ICD-10: C50 plus DOS) diagnosed after
negative screening (including any subsequent diag-
nostic work-up) and before the next scheduled screen-
ing or less than two years after age-related exclusion
from screening. This means that cancers diagnosed in
an extended postscreening diagnosis process by short-
term monitoring are not interval cancers. Instead, they
are classified as cancers detected at screening with de-
layed diagnosis. The following types of interval
cancers are distinguished:
® True interval cancers with no visible correlate at
screening and radiologically occult interval
cancers that are also impossible to identify on a
mammogram when diagnosed (i.e. true negatives)

® [Interval cancers with minimal mammographic
evidence

® Interval cancers with screening mammography

classified as normal due to limited image quality
or interpretation error (i.e. false negatives).

This type of interval cancer classification, which is
particularly important as a further performance indi-
cator for quality assurance, is currently impossible to
carry out in North Rhine-Westphalia for reasons of
data confidentiality. Current international publications
(11) report that more than half of interval cancers
should be classified as “true” in the above sense (12).

All participants identified in the MSP who had tested
negative were compared with the data of the EKR
NRW (as of 15 February 2012). For cases in which
record linkage was reliable, the time interval (in days)
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885 940

datsets from participants’ initial screenings, 2005 to 2008
(WL: 478 728; NO: 407 212)

878764
negative screenings
(including any subsequent diagnostic work up)
(WL: 475 082; NO: 403 682)

7176
positive screenings
(including
in situ cancers)
(WL: 3646; NO: 3530)

2036
interval cancers in 24 months
(WL: 1163; NO: 873)

Interval cancers,
13-24 months:
1383

Interval cancers,
1-12 months:
653

Overall evaluation of first-time screening in the North Rhine—Westphalia mammography
screening program, 2005 to 2008 (WL = Westphalia—Lippe; NO = North Rhine)

was calculated on the basis of the date of negative
screening and the date of diagnosis of incident breast
cancer (interval cancer). Thanks to electronic reporting
methods, in the EKR NRW more than 95% of all breast
cancers are reported within 15 months of initial diag-
nosis (13). All interval cancers occurring up to
24 months after last screening in 2008 were therefore
recorded.

No information regarding the numbers of women
eligible for screening who moved to or from North
Rhine—Westphalia is available to the EKR NRW. It was
therefore not possible to use the exact length of time (in
years) at risk (membership in the population covered by
the EKR NRW or time to a new case of breast cancer
during the interval) to calculate interval cancer rates
(14). Because of this, they were calculated cumu-
latively, i.e. as percentages of the number of women
who tested negative at screening, and divided into the
intervals 1-12 months and 13-24 months after screen-
ing.

Results

Analyses included 885 940 initial screenings in MSP
participants. They had been carried out between
October 2005 and December 2008 in North
Rhine—Westphalia.

According to the results documented in the MaSc
database, screening detected breast cancer (including
ductal carcinoma in situ) in 7176 participants, and
negative screening results were recorded for 878 764
women (Figure 3).
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Interval cancers (in situ plus invasive) at initial screening as part of the mammography screening program, 2005 to 2008

Region Negative results at Interval cancers, Interval cancers, Background incidence Relative interyal
initial screening 1 to 12 months: 13 to 24 months: rate (invasive only) cancer rate
n (per 10 000) n (per 10 000) per 10 000 : 1%t year/2™ year
WL 475082 371(7.8) 792 (16.7) 26.9 0.29/0.62
NO 403 682 282 (7.0) 591 (14.6) 26.9 0.26/0.54
NRW 878 764 653 (7.4) 1383 (15.7) 26.9 0.27/0.58

WL = Westphalia-Lippe; NO = North Rhine; NRW = North Rhine-Westphalia; *[interval cancer/background incidence rate]

The breast cancers detected during the analysis peri-
od corresponded to an average detection rate of 81.0
per 10 000 screening participants. The detection rate
was therefore 3.01 times higher than in the background
incidence rate of 26.9 per 10 000 women (benchmark
figure stated in the European Guidelines: >3).

Interval cancers

Within 24 months of initial screening, interval cancers
occurred in 2036 women. Overall, this corresponded to
an interval cancer rate (ICR) of 23.2 per 10 000 women
who had tested negative at screening. The ICR for the
first year was 7.4 per 10 000. For the second it was 15.7
per 10 000 (Table 1).
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The statewide relative ICR (i.e. relative to the annual
background incidence rate) was 0.27 for the first year
and 0.58 for the second year. There were slight differ-
ences between the two regions of the state (7able 1).

The role of age in breast cancer incidence was dem-
onstrated in the interval cancer rates of 21.0 per 10 000
in the age group 50 to 59 years and 25.8 per 10 000 in
women aged between 60 and 69 years.

The number of cancers detected by the screening
program as a percentage of all diagnosed breast cancers
occurring in screening participants before their next
screening or up to 24 months after screening was 78%
(the program’s sensitivity for a two-year interval).

Tumor characteristics

Figure 3 compares interval cancers’ T-category dis-
tribution to that of breast cancers diagnosed before the
MSP was implemented (2002 to 2004) throughout the
Miinster district (according to [4]) and to that of breast
cancers detected at screening among first-time screen-
ing participants in North Rhine—Westphalia from 2005
to 2008 (according to [5]).

In situ cancers accounted for 7.5% of all interval
cancers. The corresponding figure for cancers detected
at screening was 19.1% (Figure 4).

In contrast, the percentage of malignant tumors of
size T2 to T4 was significantly higher for interval
cancers than for cancers detected at screening: 40% of
all malignant tumors of size T2 to T4 diagnosed in first-
time screening participants within a two-year observa-
tion period were interval cancers (Table 2).

Lymph node-negative cancers accounted for 60% of
invasive interval cancers (although there was no in-
formation on lymph node status in 18% of cases). They
accounted for 75% of cancers detected at screening (5).

Differentiated analysis of M classification of interval
cancers was not performed, as there was a high propor-
tion of unknown M stages.

Discussion

The essential concept behind early breast cancer detec-
tion through mammography screening lies in the expec-
tation that the number of breast cancers with fatal
outcomes can be reduced (15).
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In order to obtain initial evidence of the efficacy of
the mammography screening program even before this
expected long-term reduction in mortality occurs, sur-
rogate endpoints are calculated to evaluate efficacy,
using data from epidemiological cancer registries in ac-
cordance with the European guidelines (3). For the first
time, this was done for a very large number of partici-
pants as part of the German mammography screening
program for the largest German federal state, North
Rhine—Westphalia, using the specific reporting
structure of the EKR NRW.

Comparison with the detection rates of initial screen-
ing in other European countries (average: 60.4 per
10 000) (16) shows the detection rate of the mam-
mography screening program implemented in North
Rhine—Westphalia to be relatively high: 81.0 per
10 000 women. This corresponds to 3.01 times the
background incidence rate, meeting the criteria stated
in the European Guidelines (3). It should also be borne
in mind that the German mammography screening pro-
gram was launched later than those of other countries
(October 2005), when the background breast cancer
incidence rate in the target population was already high.
Among other factors, this was ascribed to the wide-
spread use of “grey screening” (intense early diag-
nostics outside an early detection programme). before
the mammography screening program was imple-
mented (17). Against this background it is understand-
able that although the detection rate at screening is high
by international standards it only just meets the
European guidelines’ requirement for its relationship to
background incidence.

In addition, the background incidence rate men-
tioned above, which is based only on data for Miinster,
cannot simply be extrapolated to all parts of North
Rhine—Westphalia, a large federal state, as it stands.
This may partly explain the differences between differ-
ent parts of North Rhine—Westphalia. Finally, the inci-
dence rate of breast cancer in the target group has been
falling for several years independently of screening,
which is in part thought to be due to the fact that fewer
postmenopausal women are taking hormone replace-
ment therapy (18, 19); this would imply that the back-
ground rate somewhat overestimates the current risk of
disease.

The absolute interval cancer rate in North
Rhine—Westphalia is higher than current findings from
the pilot mammography screening program in Lower
Saxony (20) and the mammography screening pro-
grams in the Netherlands, the UK, and Europe as a
whole (pooled data of interval cancer rates in six Euro-
pean countries) (11, 16, 21). However, the relative in-
terval cancer rate in relation to the annual background
incidence rate was only 27% in the first year following
anegative screening result, and 58% in the second year.
Corresponding figures for comparison from established
European screening programs were an average of 29%
and 63% respectively (16), although the European
guidelines stipulate values of <30% and <50% respec-
tively (3). It should not be overlooked that the percent-
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T-category distribution in first-time screening participants in North Rhine-
Westphalia for 2005 to 2008, divided into screening-detected cancers and in-
terval cancers (see eTable for data standardized for 10 000 participants)

Total tumors (first-time participants, 9212 6276 2224
2005 to 2008)

Screening-detected cancers (%) 7176 (78%) 5203 (83%) | 1328 (60%)
Interval cancers (%) 2036 (22%) 1073 (17%) | 896 (40%)

age of interval cancers that are in situ tumors, which as
in other European countries is relatively high, may be
largely caused by the regional popularity of sponta-
neous or “grey” screening (16). These tests, which are
not part of the screening program and may also include
radiation-free ultrasound examination of the breast,
have a significant effect on the detection of asympto-
matic cases that would otherwise not be diagnosed until
the next scheduled screening.

A high percentage, 40%, of all tumors of size T2 to
T4 detected in first-time screening participants from
2005 to 2008 were interval cancers. This confirmed
findings from other mammography screening programs
that more than half could be classified as “true” interval
cancers, meaning that interval cancers included, in par-
ticular, aggressive and possibly fast-growing breast
cancers. The high percentage of tumors of size T2 to T4
among interval cancers is also in line with observations
from other screening programs (22, 23) and should be
further examined in subsequent rounds of the mam-
mography screening program.

The interval cancer rate is also used to calculate an
indicator known as “program sensitivity” (3). In North
Rhine—Westphalia, 22% of all breast cancers occurring
in screening participants during the two-year screening
interval were diagnosed as interval cancers; in other
words, the sensitivity of the mammography screening
program was 78%. This compares to an average
sensitivity of 72% (range: 67% to 84%) in European
screening programs (16).

Limitations

This population-based evaluation does have some limi-
tations: Full, complete breast cancer data in the EKR
NRW were obtained sooner in Westphalia—Lippe than
in North Rhine. The results have therefore been pres-
ented separately for each of these areas. The somewhat
lower interval cancers rates in North Rhine may there-
fore have been the result of slight initial under-
reporting.

If individual screening participants moved away
from North Rhine—Westphalia during the two-year
follow-up period, this might result in underestimation
of interval cancer rates. However, no registration office
information that could be related to specific cases is
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available to the EKR NRW. Nevertheless, the official
annual rate of women aged between 50 and 69 years
moving away from North Rhine—Westphalia between
2005 and 2010 was only 0.58% on average (source:
North Rhine—Westphalia Regional Statistics Bureau for
Information and Technology [Statistisches Landesamt
IT.NRW]). Such a low rate should have only a minimal
effect on calculated interval cancer rates.

The interval cancer rate is a surrogate indicator for
the mammography screening program’s efficacy in
achieving the expected reduction in breast cancer
mortality. Other factors affecting the overall benefit of
the program, such as the impact of additional exposure
to radiation, the psychological burden caused by an
additional test for clarification with normal results, or
potential overdiagnosis (24), could not be examined in
this study.

Conclusion

In North Rhine—Westphalia, population-based cancer
registry data have allowed reliable interval cancer rates
for the German mammography screening program to be
determined for the first time. They have also made a
further important surrogate parameter for evaluation of
the program’s efficacy available.

Interval cancer rates have been calculated on the
basis of a very high number of screening participants
and are therefore very accurate. Detection rates at
screening, interval cancer rates, and the resulting pro-
gram sensitivity all compare favorably with findings
from other European countries.
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eTABLE

T-category distribution in first-time screening participants in North Rhine-Westphalia (NRW) for 2005 to 2008,
divided into screening-detected cancers and interval cancers and standardized for 10 000 participants

Screening-detected cancers Interval cancers in NRW Incident breast cancers in the

in NRW among first-time among first-time participants, administrative area of Miinster,
participants, 2005 to 2008 2005 to 2008 2002 to 2004 (per 10 000 women
(per 10 000 participants) (per 10 000 participants) aged 50 to 69 years)

Tis 15.5 1.7 2.0

Stage T1 43.1 10.4 13.9

Stage T2 to T4 15.0 10.1 1.3

Total (including Tx) 81.0 23.0 29.9
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