
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Heinze et al. BMC Cancer          (2023) 23:852 
https://doi.org/10.1186/s12885-023-11378-0

BMC Cancer

*Correspondence:
Franziska Heinze
fheinze@uni-bremen.de
1Department of Health, Long-Term Care and Pensions, SOCIUM Research 
Center on Inequality and Social Policy, University of Bremen, Mary-
Somerville-Straße 5, Bremen 28359, Germany

2Department of Clinical Epidemiology, Leibniz Institute for Prevention 
Research and Epidemiology - BIPS, Achterstraße 30, Bremen  
28359, Germany
3High-Profile Area of Health Sciences, University of Bremen, 
Bibliothekstraße 1, Bremen 28359, Germany

Abstract
Background  Program sensitivity is a key quality indicator for mammography screening programs (MSP). Estimating 
program sensitivity usually requires a linkage of screening and cancer registry data. For the German MSP, such data 
linkage-based estimates have only been reported for two out of 16 federal states. We aimed to explore the potential 
of estimating program sensitivity for the German MSP based on information available in health claims data.

Methods  We used data from the second-largest statutory health insurance fund in Germany, BARMER (~ 9 million 
members all over Germany). We included women aged 50 to 69 years with a non-initial screening mammography 
between 2010 and 2016 and followed them up for two years. We estimated the rate of screen-detected and interval 
cancers as well as program sensitivity.

Results  Per year, we included 212,400 to 303,667 women (mean age: 60–61 years). Overall, 1,992,287 non-initial MSP 
screening examinations conducted in these women between 2010 and 2016 were considered for the analyses. Age-
standardized program sensitivity ranged between 69.9% [95% CI: 67.3–72.0%] and 71.7% [95% CI: 69.5-73.9%] during 
the study period. Per 1,000 non-initial screening examinations, the rate of screen-detected breast cancer ranged 
between 4.6 and 5.3, and the rate of interval breast cancer rates ranged between 0.6 and 0.8 for the first and between 
1.3 and 1.4 for the second year after screening.

Conclusions  Our results were plausible and consistent with quality indicators estimated for the German MSP 
based on data linkage and thus support the value of German health claims data in this regard. The quality indicators 
estimated in our study are in line with levels expected according to European Guidelines.
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Background
In 2018, breast cancer accounted for almost one third of 
new cancer cases (N = 69.900) and was the leading cause 
of cancer death (N = 18.591 of 104.791 cancer deaths) 
among women in Germany [1]. In Germany, an orga-
nized Mammography Screening Program (MSP), inviting 
women aged 50 to 69 years to a mammography every two 
years, was stepwise introduced between 2005 and 2008 
and has reached full coverage since 2009.

Following the European guidelines for quality assur-
ance in breast cancer screening and diagnosis [2], sev-
eral parameters are defined in the German MSP to assess 
its quality and to indirectly estimate the effectiveness 
of the program. A key quality indicator is program sen-
sitivity, defined as the percentage of new breast cancers 
detected within the MSP (i.e. screen-detected breast 
cancers) divided by the total of screen-detected and 
interval breast cancers. Interval breast cancers are typi-
cally defined as breast cancers diagnosed in the interval 
between a negative mammography and the next regular 
screening procedure.

While the number of screen-detected cancers is 
directly available from the program documentation, 
determining the number of interval cancers is more com-
plicated. It is usually ascertained based on a data linkage 
between cancer registry data and adherence data from 
the MSP. In Germany, however, data linkage is challeng-
ing due to strict data protection regulations. Further-
more, the fact that there are 11 different epidemiological 
cancer registries in Germany with differences in the legal 
basis and in data processing hampers determining these 
parameters at a national level. To date, interval cancer 
rates and program sensitivity have only been reported 
for two federal states (Lower Saxony and North Rhine-
Westphalia (NRW)) for the years 2005 to 2011 [3–5]. 
Estimating these parameters based on statutory health 
insurance claims data might be an additional approach 
worth exploring given that claims data are readily avail-
able and include codes for breast cancer diagnoses, mam-
mography screening as well as further diagnostic workup 
and treatment.

We, therefore, aimed (I) to estimate the rates of screen-
detected and interval breast cancers and – by combin-
ing both – the program sensitivity for the German MSP 
based on data from a large statutory health insurance 
fund and (II) to compare the estimates with previously 
published results generated based on data linkage by 
Bokhof et al. [3].

Methods
Data source
We used claims data of the second-largest statutory 
health insurance fund in Germany, BARMER. With 
almost 9  million members all over Germany, the data 

cover about 12% of the German statutorily (non-private) 
health-insured population. About 90% of the German 
population is a member of the statutory health insur-
ance [6, 7]. The claims data contain i.a. information on 
in- and outpatient diagnoses and medical procedures and 
services according to the German uniform assessment 
standard (EBM) and the Operations and Procedures 
Coding System (OPS) as well as demographic informa-
tion. Diagnoses are coded according to the German 
Modification of the International Classification of Dis-
eases, 10th Revision (ICD-10-GM). Whereas exact dates 
are predominantly available for inpatient diagnoses, out-
patient diagnoses are transmitted to the statutory health 
insurance on a quarterly basis. For outpatient diagnoses, 
the additional coding of diagnostic certainty is manda-
tory, differentiating between “certain“, “suspected”, “status 
post”, and “ruled out”. Procedures related to the MSP have 
specific codes and can thus be distinguished from diag-
nostic mammographies and follow-up diagnostics. For 
this study, we used data from 2007 to 2019.

Study design and study population
We included women aged 50 to 69 years with a non-ini-
tial screening mammography (EBM 01750) between 2010 
and 2016 and with unambiguous information on sex, year 
of birth, and place of residence. Non-initial screening 
mammography was defined as any screening mammog-
raphy that occurred after a prior screening mammogra-
phy during the pre-observation. The quarter before this 
non-initial screening mammography was defined as the 
index quarter (cohort entry). This definition allowed us 
to also consider relevant procedures erroneously coded 
before the screening mammography (this was observed 
in patient profile reviews, even though not often). The 
pre-observation period was defined as the 11 quarters 
before the index quarter. We excluded women who were 
not continuously insured during this pre-observation 
period. We focused on non-initial screening mammog-
raphies as it is known that performance indicators differ 
widely between initial and non-initial mammographies 
[2]. If multiple non-initial screening mammographies 
were coded in the same woman within one quarter, we 
considered it as only one mammography; mammogra-
phies coded in the same woman but in different quarters 
of a year were considered separately for the analyses.

After cohort entry, included women were followed up 
for 9 quarters (index quarter, quarter of screening mam-
mography and 7 additional quarters), their next MSP 
screening or death, whichever occurred first. As outpa-
tient diagnoses and outpatient OPS codes in claims data 
are only available quarterly, we considered the occur-
rence of diagnoses and procedures only on a quarterly 
basis.
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Identification of breast cancer cases
To identify invasive (ICD C50) and in-situ (ICD D05) 
breast cancers we considered diagnosis codes from the 
in- and outpatient setting. To be classified as an incident 
case (invasive breast cancer or carcinoma in situ) the 
diagnosis had to be (a) coded as an inpatient primary dis-
charge diagnosis or coded in two consecutive quarters as 
either (b) twice in the outpatient setting (first diagnosis 
labelled “certain” and second diagnosis labelled “certain” 
or “status post”) or (c) coded in both settings (initially 
with an outpatient diagnosis labelled “certain” and sec-
ondly with an inpatient primary or ancillary hospital 
diagnosis). The first quarter during the follow-up period 
in which the first of these diagnoses occurred was defined 
as the quarter of diagnosis. To distinguish between inci-
dent and prevalent cases, we also assessed whether there 
was already an inpatient code or an outpatient code 
labelled as “certain” or “status post” for invasive or in situ 
breast carcinoma recorded during the pre-observation 
period. If this was the case, the cancer was defined as a 
prevalent case and thus not considered in the calcula-
tions of screen-detected / interval cancer rates or pro-
gram sensitivity.

Classification of incident breast cancers into screen-
detected vs. interval cancer
To classify incident breast cancers into screen-detected 
vs. interval cancer we established an algorithm illustrated 
in Fig. 1 [8]. It started with considering all women with a 
non-initial MSP examination in the respective year ful-
filling the inclusion criteria (in case a woman had unex-
pectedly two non-initial MSP examinations per year, she 
was counted twice). For all included women, we assessed 
whether there was an incident breast cancer diagnosis 
(invasive or in-situ) as defined above during follow-up. 
To classify these cases into screen-detected vs. interval 
cancer, the code for a multidisciplinary pre-operative 
case conference after suspicious findings at screening 
mammography (EBM 01758) was a key indicator. Such a 
case conference is supposed to be held for all suspicious 
findings where a biopsy was taken in the context of the 
MSP. We thus defined all incident breast cancer cases 
with at least one code for such a case conference during 
the follow-up period as screen-detected. All other inci-
dent breast cancer diagnoses were defined as interval 
cancers.

Data analysis
We calculated “rates” (in a statistical sense: proportions) 
for screen-detected and interval breast cancers as well 
as program sensitivity for each screening year between 

Fig. 1  Algorithm for the distinction between screen-detected and interval cancers with health claims data
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2010 and 2016. All analyses were conducted nationwide 
and - to facilitate comparison with previously published 
data - for the biggest German federal state, i.e. North 
Rhine-Westphalia, separately. Due to a smaller sample 
size, we decided to forgo separate analyses for Lower 
Saxony. The rate of interval cancer was calculated as the 
proportion of women with non-initial MSP participa-
tion in the respective year who developed interval cancer 
among all non-initial MSP examinations in the respec-
tive year (expressed per 1,000). In additional analyses, 
we differentiated between interval cancers occurring in 
the first vs. the second year after non-initial MSP par-
ticipation. The rate of screen-detected breast cancer was 
calculated as the proportion of women with non-initial 
MSP participation in the respective year in whom breast 
cancer was detected at the MSP among all non-initial 
MSP examinations in the respective year (expressed per 
1,000). Program sensitivity was calculated as the number 
of screen-detected cancers divided by the sum of screen-
detected and interval cancers. 95% confidence intervals 
were calculated for all indicators [9]. All indicators were 
age-standardized using the old standard population of 
Europe as reference in line with Bokhof et al. [3].

Results
Overall, 1,992,287 non-initial MSP screening examina-
tions (of which 531,037 in North Rhine-Westphalia) were 
included between 2010 and 2016. Table  1 shows—for 
each year—the number of women in whom these screen-
ing examinations were conducted, their age distribu-
tion, and the mean follow-up time. Per year we included 
212,400 to 303,667 women. Their mean age ranged 
between 60.1 (SD 4.8) in 2014 and 60.6 in 2010 (SD 5.2). 
Age distribution stayed nearly constant between 2010 
and 2016, thus barely influencing (non)-standardized 
time trends. The mean time period between non-initial 
MSP screening examination and end of follow-up ranged 
between 1.97 and 1.98 years (SD 0.08), i.e. follow-up was 
complete for almost all women.

Results for North Rhine-Westphalia and comparison with 
external data source
In our study population of North Rhine-Westphalia, we 
identified a total of 4,548 incident breast cancers (3,380 
screen-detected and 1,168 interval cancers), resulting 
in a crude rate of 6.5 for screen-detected cancers and a 
crude rate of 2.2 for interval cancers per 1,000 non-initial 
screening examinations for the period between 2010 and 
2016 overall. Considering each year separately, the age-
standardized rate of screen-detected breast cancers var-
ied between 5.4 and 6.5, and the rates of interval cancers 
varied between 2.0 and 2.3 per 1,000 non-initial screening 
examinations (Fig. 2A). Based on our data, the program 
sensitivity for North Rhine-Westphalia ranged between Ta
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71.0% and 76.4% between 2010 and 2016 (Fig.  2B). For 
comparison, Fig.  2 also shows data published by Bok-
hof et al., who estimated the rate of screen-detected and 
interval cancer as well as program sensitivity in 2010 and 
2011 for North Rhine-Westphalia based on data from 
the federal state’s cancer registry linked to the data from 
screening units [3]. The program sensitivity was simi-
lar to our estimates (Fig. 2B). The point estimates of the 
rate of screen-detected and interval cancers were lower 
than our estimates, but the confidence intervals largely 
overlapped.

Overall results and comparison with external data source
Overall, we identified a total of 15,074 incident breast 
cancers (10,916 screen-detected and 4,158 interval can-
cers), resulting in a crude rate of 5.5 for screen-detected 
cancers and a rate of 2.2 for interval cancers per 1,000 
non-initial screening examinations for the period 
between 2010 and 2016. Considering each year sepa-
rately, the age-standardized rate of screen-detected can-
cer varied between 4.6 in 2010 and 5.3 in 2013 (per 1,000 
non-initial screening examinations). Age-standardized 
rates of interval cancers ranged between 1.9 and 2.1 per 
1,000 non-initial screening examinations. Stratifica-
tion of the rate of interval cancers according to the year 
when the interval cancer occurred (the first year (quar-
ters 1–4) vs. the second year (quarters 5–8) after screen-
ing examination) showed that about two third of interval 
cancers occurred in the second year (Fig. 3A). As shown 

in Fig. 3B, the program sensitivity ranged between 69.9% 
and 71.7%. Figure  3A also depicts the rate of screen-
detected cancers as reported by the Cooperative Asso-
ciation of the German MSP, which was 4.8–19.3% higher 
compared to the rate estimated based on claims data.

Discussion
To the best of our knowledge, this is the first study inves-
tigating the feasibility and plausibility of estimating the 
rate of screen-detected and interval cancers as well as 
program sensitivity of the German MSP based on health 
claims data. Using data until 2016 covering 12% of the 
German population, we estimated a program sensitiv-
ity of about 70–72% for the German MSP, which is well 
in line with program sensitivity determined for North 
Rhine-Westphalia by linking data from screening units 
and cancer registry data [3]. While such a data linkage is 
resource-intensive and poses several other challenges in 
Germany, claims data are readily available, i.e. the analy-
ses described here are a useful and pragmatic approach 
to monitoring quality parameters of the German MSP.

While the interval cancer rate and program sensitiv-
ity were reported for North Rhine-Westphalia from 
the years 2005 to year 2011 and for Lower Saxony from 
the years 2006 to 2011, there are no other estimates of 
these parameters for Germany [3]. Accordingly, there is 
no external data source to which we could compare our 
more recent estimates. Our results do not indicate that 
there have been major changes in these parameters over 

Fig. 2  (A) Rates of screen-detected (SC) and interval cancers per 1,000 non-initial screening examinations estimated based on claims data compared 
to data published by Bokhof et al. [3] (B) Program sensitivity in North Rhine-Westphalia estimated based on claims data compared to data published by 
Bokhof et al. [3]. (both with 95%-confidence intervals)
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time, but it has to be considered that the precision of our 
estimates was limited, so detecting minor trends would 
require an even larger sample size. The Cooperative 
Association of the German MSP does not have informa-
tion on interval cancer rates nor on program sensitivity 
but it annually reports other nationwide (quality) param-
eters such as the rate of screen-detected breast cancers 
[10–16]. These rates are slightly higher than the rates of 
screen-detected cancers observed in our study. A likely 
explanation for this is that we used rather loose criteria 
to classify breast cancers as prevalent cases. For example, 
one outpatient code of breast cancer in the pre-obser-
vation period already led to classification as a prevalent 
case (i.e. this case could no longer become an incident 
case) and miscoding in the outpatient setting is not very 
rare. In other words, we may partly have misclassified 
cancers detected at screening or during follow-up as 
prevalent cancer and thus may have underestimated the 
absolute number of screen-detected and interval cancers. 
As this potential misclassification concerns both screen-
detected and interval cancers, we do not think that it has 
a relevant impact on program sensitivity, which is sup-
ported by the good agreement between program sensitiv-
ity observed in our study and external data sources.

According to the European guidelines for quality assur-
ance in breast cancer screening and diagnosis, interval 
cancer rates should not exceed 30% of the background 
incidence rate in the target population in the months 
0–11 after the screening mammography and they should 
not exceed 50% in the months 12–23 after the screen-
ing mammography. The Cooperative Association of the 
German MSP estimated the background incidence rates 
of breast cancer using data from the pre-introduction 
period of the MSP (1999–2005) and cancer registries 
[17]. For the years 2010 to 2016, the nationwide back-
ground incidence was estimated to be 2.6–2.8 cases per 
1,000 women. In 2016, for example, the nationwide back-
ground incidence was 2.5714 per 1,000 and the rate of 
IC in 2016 was 0.6956 per 1,000 for the first year in our 
study, yielding a proportion of 27.05%, i.e. it was below 
the threshold of 30%; the same applies to the years 2010–
2015. Also in the second year after screening the propor-
tion was either below or (with a maximum of 52%) very 
close to the threshold of 50% (see Supplemental Table 1). 
However, it has to be taken into account that background 
incidence rates show regional variation (e.g. 2.98 per 
1,000 in Western Germany and 2.18 per 1,000 in East-
ern Germany) and should thus ideally be applied on a 
regional level.

Fig. 3  (A) Rates of screen-detected (SC) and interval cancer (IC) per 1,000 non-initial screening examinations with 95% confidence intervals between 
2010 and 2016. The red line depicts the rates of screen-detected breast cancer as reported by the Cooperative Association (CA) of the German MSP based 
on data for all non-initial MSP participants [10–16]. Of note, these rates are not age-standardized. To facilitate comparison, we therefore also show the 
non-standardized rates for claims data, in addition to the age-standardized rates (using the old standard population of Europe as reference). Rates of 
interval cancers are also shown stratified by the year of diagnosis (first vs. second year after screening attendance). (B) Program sensitivity (PS) between 
2010 and 2016 with 95% confidence intervals
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Comparison of our approach to algorithms developed 
for databases in other countries is difficult given that the 
type of data, the health care and reimbursement systems 
(affecting the type of information available) as well as the 
characteristics of the MSPs differ between countries. Fen-
ton et al. developed and validated an algorithm focusing 
on the identification of screen-detected breast cancers in 
Medicare data, so the age range of women differed (≥ 68 
as opposed to 50 to 69 in our study) [18]. Furthermore, 
the algorithm considered only diagnoses and treatments 
occurring up to one year after a mammogram, which also 
hampers comparability.

In the interpretation of our study, the following should 
be taken into account. First, our algorithm identifies 
screen-detected cases by the occurrence of a pre-oper-
ative case conference in combination with an incident 
diagnosis of breast cancer as defined based on claims 
data. Prior analyses linking the data from screening units 
with cancer registries had information on pre-operative 
histological findings and post-operative cancer verifica-
tion, so the type of information is not identical. While 
case conferences are supposed to be held as the last step 
of diagnostic verification, we cannot rule out that for 
some MSP participants no case conference is held, which 
would result in an underestimation of screen-detected 
cancers. Second, when trying to distinguish incident and 
prevalent cases in claims data, one has to make com-
promises [19]. In our study, we prioritized making sure 
that a case is incident and therefore may have excluded 
a too large number of prevalent cases. As mentioned 
before, this may have slightly underestimated the abso-
lute number of screen-detected and interval cancers (and 
thus also the respective rates) but we do not expect that 
it had an impact on program sensitivity. Also, the defini-
tion of incident breast cancers could be done based on 
a more sophisticated algorithm (i.e. searching for inpa-
tient diagnosis later during follow-up), but our results 
do not suggest that misclassification was a major issue. 
Third, as the underlying populations of different statutory 
health insurance providers in Germany partly differ e.g. 
with respect to socioeconomic characteristics and as we 
did not consider patients with private health insurance 
(about 10% of the German population), caution is needed 
when extrapolating the rates observed in our study to 
the whole of Germany. Our data cover between 12.4 and 
14.2% of all German non-initial screenings between 2010 
and 2016 [10–16]. To account for differences in the age 
distribution and facilitate comparison with Bokhof et al. 
we used age standardization with the old standard pop-
ulation of Europe. The age distribution of this standard 
population is rather different from the current age dis-
tribution in Germany, which has to be considered when 
interpreting absolute rates. Fourth, incidence rates vary 
between initial and non-initial MSP participants [20], so 

it is reasonable to distinguish between both types of par-
ticipants. Given that identification of initial MSP partici-
pants in claims data is subject to uncertainty due to left 
truncation, we decided to focus on non-initial MSP par-
ticipations, i.e. women who already had an MSP screen-
ing mammography during the pre-observation period. 
Finally, it should be taken into account that a transfer of 
individual information on interval cancers from claims 
data to the screening units is not possible due to data 
protection regulations. This also means that an evalua-
tion to distinguish interval cancers into overseen breast 
cancers and de novo breast cancers cannot be done based 
on our approach.

Conclusions
In conclusion, our study demonstrates that estimating 
quality parameters of the German MSP screening with 
German claims data  —  i.e. without complex data link-
age procedures — is feasible and yields plausible results. 
It could thus be a valuable additional tool to monitor the 
German MSP, complementing other activities in this 
regard. Our study, which is the only one providing more 
recent estimates of program sensitivity and the rate of 
interval cancers for the German MSP, suggests that these 
quality parameters are in line with the European Guide-
lines. Extension of our approach to other statutory health 
insurance funds in Germany would be desirable as this 
would increase the representativeness and precision of 
nationwide estimates and facilitate analyses on a federal 
state level.
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