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ABSTRACT

Objective To adapt a Canadian algorithm for the
identification of female cases of breast cancer (BC) deaths
to German health insurance claims data and to test and
validate the algorithm by comparing results with official
cause of death (CoD) data on the individual and the
population level.

Design Validation study, secondary data, medical claims.
Setting Claims data of two statutory health insurance
providers (SHIs) for inpatient and outpatient care, CoD
added via record linkage with epidemiological cancer
registry (ECR). Participants All women insured with the
two SHIs and who deceased in the period 20062013,
were residents of North Rhine Westphalia (NRW) and were
linked with ECR data: n=22413.

Main outcome measures Based on inpatient and
outpatient diagnoses in the year before death, six
algorithms were derived and the accordance of the
algorithm-based CoD with the official CoD was evaluated
calculating specificity, sensitivity, negative and positive
predictive values (NPV, PPV). Furthermore, algorithm-
based age-specific BC mortality rates covering several
calendar years were calculated for the entire insured
female population and compared with official national
rates.

Results Our final algorithm, derived from the NRW
subsample, comprised codes indicating the presence of
BC, metastases, a terminal illness phase and the absence
of codes for other tumours. Overall, specificity, sensitivity,
NPV and PPV of this algorithm were 97.4%, 91.3%, 98.9%
and 81.7%, respectively. In the age range 40-80years,
sensitivity and PPV slightly decreased with increasing age.
Algorithm-based age-specific BC mortality rates agreed
well with official rates except for the age group 85years
and older.

Conclusions The algorithm-based identification of BC
deaths in German claims data is feasible and valid, except
for higher ages. The algorithm to ascertain BC mortality
rates in an epidemiological study seems applicable when
information on the official CoD is not available in the
original database.

Strengths and limitations of this study

» This is the first study evaluating whether an algo-
rithm for the identification of breast cancer deaths
in Canadian claims data can be adapted to German
health insurance claims data.

» Causes of death classifications of different algorithm
versions were directly compared with the official
cause of death on the individual level and indirectly
compared with official vital statistics on the popu-
lation level.

» The sample for testing and validating the algorithm
on the individual level was based on a high-quali-
ty record linkage and included 22413 women who
died in the period 2006—2013.

» The test and validation sample was restricted to the
age range 40-80years.

» The study results are based on German claims data,
however, the procedures are considered transfer-
able to other settings with some adaptation.

INTRODUCTION

Cause-specific mortality is a major outcome
in epidemiological cohort studies. Especially
for studies with rare outcomes, where a great
amount of cumulative follow-up years with a
consistent exposure ascertainment is essen-
tial, claims data constitute a promising data
source. However, in German claims data, the
official cause of death (CoD) is not included
and individual record linkage with data
sources providing this information is limited
due to data protection regulations. Such
record linkage is most likely feasible only on
aregional level due to the regional character
of suitable registries comprising CoD infor-
mation which, however, restricts the usable
study population.
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For the intended nationwide monitoring and evaluation
of the impact of the German mammography screening
programme (MSP)! on breast cancer (BC) mortality,2 claims
data as included in the German Pharmacoepidemiological
Research Database (GePaRD) represent one of the most
suitable data sources. The data comprise demographic infor-
mation, inpatient and outpatient diagnoses, health services,
and detailed information concerning the participation in
the MSP. Further, deceased individuals can be identified
in GePaRD because ‘death’ is coded either as the reason
for the end of insurance coverage or for the discharge
from hospital. The lack of information on the official CoD,
however, represents a limitation of this data source.

As CoD information is essential for epidemiological cohort
studies such as the intended nationwide monitoring and eval-
uation of BC mortality in the MSP, there is a need to add at
least the information ‘death due to BC (yes/no)’. In order
to mimic official CoD information, we, therefore, aimed to
implement, optimise and validate a claims data-based algo-
rithm for the identification of BC deaths among deceased
females in GePaRD, inspired by the approach developed by
Gagnon et al’ for Canadian administrative data.

METHODS
Data source
Analyses were based on the GePaRD database, which has
been described elsewhere.*™® In brief, GePaRD includes
pseudonymised claims data from four statutory health
insurance providers (SHIs) and contains information
on about 20million individuals from all over Germany
who have been insured at one of the participating SHIs
since 2004 or later. The database contains information on
demographic characteristics, the start and end of insur-
ance periods, hospital stays, outpatient physician visits
and outpatient prescriptions. The hospital data comprise
information on the dates of admission and discharge,
admission diagnoses, one main discharge diagnosis (which
specifies the disease causing the hospital stay), further
main and secondary hospital diagnoses, diagnostic and
therapeutic procedures with their respective dates, as well
as the reason for hospital discharge (eg, ‘treatment termi-
nated regularly’, ‘transfer to another hospital’, ‘deceased’
and others). Outpatient data contain information on
outpatient diagnoses, treatments and procedures. Outpa-
tient diagnoses are recorded per quarter and are distin-
guishable into different types, for example, ‘confirmed’.
Diagnoses are coded according to the German modifica-
tion of the International Classification of Diseases, 10th
Revision (ICD-10-GM). Information related to the death
of individuals can be obtained from the variable speci-
fying the reason for the end of insurance (eg, ‘change to
another insurance company’, ‘deceased’ and others) and
for subjects dying in hospital also from the respective vari-
able specifying the cause of the hospital discharge (about
50% of all deaths in GePaRD).

The algorithm-based individual assignment of a death
by BC in GePaRD was compared with the individual

official CoD provided by the State Cancer Registry of
North Rhine Westphalia (CR-NRW) that holds informa-
tion on the official causes of each deceased person in NRW
since 2006. This information was linked via a probabilistic
record linkage to the claims data on the person level (for
details see reference ’). In addition, to assess the perfor-
mance of the algorithm-based classification on the popu-
lation level, age-specific BC death rates estimated in the
entire GePaRD data base were compared with data from
the German Centre for Cancer Registry Data (ZfKD) that
provided data on the national BC mortality rates.

Patient and public involvement
Patients or public were not involved.

Study populations

Individual-level analysis

All death cases occurring between 2006 and 2013
among female GePaRD residents of NRW (as identified
in GePaRD) who had been continuously insured in the
year before death and whose GePaRD data could be
successfully linked with the CR-NRW records, formed
the study population for the algorithm validation on the
individual level (see also online supplementary data 1).
Data year restrictions were due to limitations imposed
by legal authorities. The age range of women included
in this subsample of GePaRD was limited to 40-80years
encompassing the age range of eligibility for the MSP
(50-69years) and the adjacent decades.

Population-level analysis

For the calculation of claims data-based age-specific BC
mortality rates at the population level, all women in
GePaRD irrespective of place of residence and age insured
in 2007, 2010 and 2012, respectively, were included in the
study population. Deceased women were identified via a
corresponding data entry on the reason for the end of
insurance coverage or for the discharge from hospital.
The date of death was defined accordingly as the date of
the end of insurance or the date of hospital discharge.

Algorithm for the identification of BC deaths
Based on Canadian routine health data, Gagnon et af’
developed an algorithm for the identification of women
who had died of BC. The identification was based on
ICD-9-coded inpatient diagnoses from all hospital stays
of a single person ever recorded at provincial hospital
discharge databases. Gagnon et alapplied three criteria to
identify BC as the CoD. First, women had to be diagnosed
with BC (ICD-9: 174.0-174.9) with or without regional
metastases (ICD-9: 196.0-196.9). Second, remote metas-
tases had to be documented (ICD-9: 197.0-199.0). Third,
the respective women had to have diagnoses indicating
terminal illness (eg, septicaemia, pathological fractures or
gastrointestinal haemorrhage; for details see reference?).
To adapt the algorithm for use in German claims data,
the diagnostic criteria were implemented according to the
ICD-10-GM. We considered a 1-year period before death
to evaluate the criteria for the identification of BC deaths.
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As in the Canadian approach, we considered informa-
tion from hospitalisations. Furthermore, in extension of
Gagnon et al,” we also considered outpatient diagnoses
and differentiated between hospital main discharge diag-
noses and hospital secondary diagnoses. The latter facili-
tated further options to adapt the algorithm. The criteria
used by Gagnon et al’ were expanded by information on
comorbidity. Overall, we ended up with eight criteria
(Cr1-8) (online supplementary data 2). Crl-5 were set
a priori in which Crl-4 with the intention to mimic the
algorithm criteria of Gagnon et al.> Cr6-8 were set after

additional considerations following a descriptive analysis
of the official causes of death of those cases selected as
false positives by algorithm version C to evaluate which
were the most prominent groups of cancer causes of
death among these cases. Different combination of all
criteria resulted in six different versions of the algorithm
(A-F) as shown in figure 1.

Statistical analyses
To evaluate the performance of each algorithm, we
randomly divided the subsample for individual-level

\
Women classified as deceased in GePaRD ( )

\ 4
Cr2: Inclusion if any inpatient or any
confirmed outpatient diagnosis for

ﬁeceased women classified as

cases of breast cancer deaths

by different Versions(A to F) of
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inpatient main
discharge diagnosis

invasive breast cancer (C50x) within 12
months before death

v

Cr3: Inclusion if any inpatient or any
confirmed outpatient diagnosis for distant

metastases (C77x, C78x, C79x, C80x)
within 12 months before death

v

Cr4: Inclusion if any inpatient or any
confirmed outpatient diagnosis within 3

months before death indicating a
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Cr5: Exclusion if any cancer main

| discharge diagnosis (Cx) other than breast
7| cancer occurred within 12 months before
death
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C54x, C56x, C64x, C77x, C80x, C92x) occurred within 12
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v

Cr7: Exclusion if any specific inpatient cancer diagnosis
(C18x, C25x, C34x, C56x, C80x) (with exception of type
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Figure 1

-

Data flow chart showing the criteria (Cr1-Cr8) and decision paths used in the different algorithm versions (A-F) to

identify potential cases of breast cancer death among deceased women in the German Pharmacoepidemiological Research
Database (GePaRD); cases fulfiling Cr1 were selected in each algorithm version; cases selected via the left decision path had
to fulfil all criteria depicted on the path to the respective algorithm version (eg, version E, left path: Cr2 and Cr3 and Cr4 and
Cr6); diagnosis codes listed for the criteria are given in ICD-10-GM format (only three digit ICD codes are shown). TSelected for
further evaluation. ICD-10-GM, German modification of the International Classification of Diseases, 10th Revision.
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analyses into 10 disjunct equally sized test samples (similar
to a cross-validation but without using training samples
for the optimisation of algorithm parameters). For each
test sample, we calculated sensitivity, specificity, nega-
tive predictive value (NPV) and positive predictive value
(PPV) for each version of the algorithm, using the offi-
cial CoD information from the CR-NRW as gold standard.
The results of these test samples are presented as median
values and the corresponding variances in boxplot graphs,
with the aim of identifying an algorithm that exhibited
the best measures of accordance. In contrast to the study
population used by Gagnon et al,’> our study sample
included a high proportion of women who had died from
causes other than BC. Therefore, to avoid high numbers
of false positives, we put special emphasis on a high PPV
in the selection of the most promising algorithm version,
maintaining comparatively high values for specificity and
sensitivity. Measures of accordance stratified by age were
also calculated for the algorithm version selected on the
basis of these criteria.

For population-level analyses, annual age-specific BC
mortality rates were calculated by using the number of BC
deaths according to the selected algorithm version as the
numerator and the female population of GePaRD ever
insured in the respective calendar year as denominator.
These algorithm-based BC mortality rates were then
compared with the official rates for the total German
population as provided by the ZfKD.

For the BC mortality rates and the measures of accor-
dance, corresponding 95% CIs were calculated according
to the methods recommended by Newcombe and
Altman.®

All analyses were carried out with SAS V.9.3.

RESULTS

Validation of algorithm-based CoD on the individual level

The study subsample comprised 22413 deceased females,
whose records were successfully linked with CR-NRW
records and the official CoD information was added. The
majority of this sample was aged 60-79years (65.7%). BC
was documented as the official CoD in 10.9% (table 1).
Females with BC as the official CoD were younger than
those dying from other diseases.

Algorithm A, which required at least one BC diag-
nosis during the twelve months before death, reached
a sensitivity of 97.5% and a specificity of 93.0%. The
NPV was 99.7% and the PPV was 62.9% (table 2,
figure 2). The additional requirement of documented
distant metastases during the 12 months before death
(algorithm B) led to a lower sensitivity (94.3%), a
higher specificity (95.5%), a comparable NPV (99.3%)
and a higher PPV (72.4%). The additional consider-
ation of diagnoses indicating a terminal phase of the
disease during the 3 months before death (algorithm
C) resulted in only minor changes of the validity
measures. The additional requirement of the absence
of other cancer main discharge diagnoses during the
12 months before death (algorithm D) led to a further
reduction of the sensitivity (89.9%) and the NPV
(98.8%) as well as a further increase of the specificity
(97.6%) and the PPV (82.2%). Relaxing this criterion
by considering main discharge diagnoses only for those
cancer types which were the most frequent cancer CoDs
among the false positives classified by algorithm C only
slightly changed the quality measures (algorithm E).
As the CoD ‘cancer other than BC’ was still frequent
among the false positives of algorithm E, we expanded

Table 1 Official cause of death (breast cancer; other causes) among women of the study population deceased between 2006

and 2013 in North Rhine Westphalia, by age group

Official cause of death

Breast cancer
(German modification of the
International Classification of

Proportion of
breast cancer
deaths among all

Other causes Diseases, 10th Revision: C50) deaths

N % N % N
Age at death (years)
40 to <45 54 0.27 8 0.33 12.90
45 to <50 763 3.82 124 5.06 13.98
50 to <55 1755 8.79 290 11.84 14.18
55 to <60 2475 12.40 357 14.57 12.61
60 to <65 2984 14.95 411 16.78 12.11
65 to <70 4503 22.56 555 22.65 10.97
70 to <75 5684 28.47 583 23.80 9.30
75 to <80 1745 8.74 122 4.98 6.53
All 19963 100.00 2450 100.00 10.93

Records of the epidemiological cancer registry of North Rhine Westphalia.
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Table 2 Numbers and derived measures of accordance between the official cause of death (CoD) as the ‘gold standard’ and
the CoD classification based on different versions of the CoD algorithm for breast cancer deaths

Measures of accordance (%):
Median resulting from 10 test-samples

Criteria used in the Negative Positive predictive
Algorithm version algorithm version* Sensitivity Specificity predictive value value
(A) Cr1, Cr2 97.5 93.0 99.7 62.9
(B) Cr1-Cr3 94.3 95.5 99.3 72.4
©) Cr1-Cr4 94.1 95.5 99.3 72.5
(D) Cr1-Cr5 89.9 97.6 98.8 82.2
(E) Cr1-Cr4, Cr6 91.3 97.4 98.9 81.7
(F) Cr1-Cr4, Cr6-Cr8  66.2 98.4 96.0 83.8

Female residents of North Rhine Westphalia included in the German Pharmacoepidemiological Research Database who died between 2006
and 2013.
*For more details see figure 1 and online supplementary data 2.

the exclusion criteria by also considering inpatient  population to reduce false negatives, the sensitivity
secondary and outpatient diagnoses (algorithm F). decreased to 66.2% while the specificity (98.4%), NPV
Although we restricted this approach to cancers with (96.0%) and PPV (83.8%) changed only slightly when
a high fatality rate and a high prevalence in the study  compared with the results of algorithm E.
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Table 3 Measures of accordance between the individual official cause of death (CoD) as the ‘gold standard’ and the CoD
classification based on the breast cancer death algorithm (E), by age group

Breast cancer deaths

Validity measures for accordance (%) (95% Cls)

(N) as classified by

Negative predictive Positive

Age group (years) algorithm version (E) Sensitivity Specificity value predictive value

40 to <50 156 96.2 (91.4 to 98.4) 96.5(94.91t097.5) 99.4 (98.5t099.7)  81.4 (74.6 t0 86.7)
50 to <65 1169 92.5(90.8t094.0)  97.4(97.0t097.7) 98.9(98.6t099.1)  83.7 (81.5 to 85.8)
65 to <70 611 91.2 (88.5 to 93.3) 97.7 (97.21t098.1)  98.9 (98.5t099.2)  82.8 (79.6 to 85.6)
70 to <80 788 87.0(84.3t1089.2)  97.6(97.3t098.0) 98.7(98.5t099.0)  77.8 (74.8 to 80.6)

Among the versions with the highest values for speci-
ficity and PPV (D with 97.6% and 82.2%, E with 97.4%
and 81.7%, F with 98.4% and 83.8%), we selected algo-
rithm E for the further evaluation as it offered the highest
value for sensitivity (91.3% vs 89.9% and 66.2%).

For algorithm E, sensitivity decreased with increasing
age (from 96.2% in age group 40-50years to 87.0% in
age group 70-80years) and the PPV was lowest in the
highest age group (77.8% in age group 70-80years vs
81.4%, 83.7% and 82.8% in the other age groups) while
only marginal changes with age occurred for the speci-
ficity (between 96.5% and 97.7%) and the NPV (between
98.7% and 99.4%) (table 3).

Comparison of algorithm-based and official BC mortality rates
at population level

The study samples exemplarily used for the calcula-
tion of the algorithm-based BC mortality rates in 2007,
2010 and 2012 comprised n=7 257 975, n=7 540 664 and
n=7 825 758females, respectively. It included n=47763,
n=55013 and n=60506 deceased women of which n=2709,
n=2959 and n=3141, respectively, were classified as BC
deaths by algorithm E. The BC mortality rates based on
algorithm E agreed well with the data from the ZfKD in all
age categories except for the highestage group (=85 years)
where the algorithm-based rates were 25%-30% lower
than the national rates from the ZfKD (figure 3). This
difference was significant in all study years.

DISCUSSION

In this study, we demonstrated the feasibility of a health
claims data-based algorithm for the identification of
BC deaths. Using German SHI claims data, we adapted
the algorithm presented by Gagnon et af’ for Canadian
administrative hospital data by also including outpatient
diagnoses and adding further criteria to optimise the
performance of the algorithm. We validated the different
algorithm versions by direct comparison with the official
CoD on the individual level as well as by indirect compar-
ison with official data on the population level.

Based on a sample of more than 22000 deceased
women from our data source, the most promising algo-
rithm comprised data on the presence of BC, metastases,
diagnoses indicating terminal illness and the absence of
other tumours with a high case fatality rate as potentially

competing CoDs. These individual criteria were applied
within the quarter (terminal illness) or the year prior
to death. The finally selected algorithm showed high
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Figure 3 Official age-specific breast cancer mortality
rates for German women in 2007, 2010 and 2012 as well

as corresponding rates and 95% confidence limits (vertical
bars) calculated using the female population included in
the German Pharmacoepidemiological Research Database
(GePaRD) in these years, respectively, and the classification
of deceased women resulting from the application of the
cause of death algorithm version (E) for breast cancer.
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specificity and NPVs and represents a compromise in
terms of a reasonably high sensitivity and a PPV that is
not too low.

On the population level, the application of this algo-
rithm resulted in a good agreement of algorithm-based
age-specific BC mortality rates in the GePaRD sample with
general population rates. However, the predictive perfor-
mance (expressed as sensitivity and PPV) of the algorithm
was better for deaths below the age of 70 than for older
ages. Especially for the age group of 85years and older,
we saw a marked underestimation of the official rate by
the algorithm-based rates.

One reason for this finding could be that the inten-
sity of the search for metastases might be lower in very
old patients with cancer compared with younger ones as
elderly patients are less likely to receive additional cancer
treatment.” ' Consequently, as the algorithm requires
identifying metastasis diagnoses for the classification of
BC deaths, the rate of false negative decisions by the algo-
rithm would be higher among the elderly leading to a
more pronounced underestimation of the BC mortality
rate in this age group. Indeed, among cases with an offi-
cial CoD ‘BC’ which were misclassified by the algorithm,
the rate of those misclassified due to missing metastasis
diagnoses increased with age (results not shown), which
in part explains the slightly lower PPV for the age group
70years and older compared with the younger age groups.
As the sample enriched with the individual official CoD
excluded subjects aged 80years or older, we were not able
to examine reasons for the underestimation on the indi-
vidual level in more detail.

We explored the validity of several algorithm versions,
which differed from the approach presented by Gagnon
et al’ For this, we used an approach with 10 test samples
to explore the variance of the estimates of the measures
of accordance. Certain changes between two algorithm
versions (version B vs C and version D vs E) led only to
minor changes of the measures of accordance. In exten-
sion to version B, version C required the presence of at
least one condition indicating terminal illness.” As the
corresponding list of diagnoses is rather long, the inclu-
sion of ambulant diagnoses in addition to inpatient diag-
noses (in contrast to Gagnon et al) might have increased
the probability of such diagnoses being present in an
individual which could have weakened the discrimina-
tion of this criterion. In contrast to algorithm version D,
version E did not exclude all individuals with any inpa-
tient cancer main discharge diagnoses of cancer (crite-
rion Crb) but only those with such diagnoses for specific
tumours (criterion Cr6). This restriction was intended
to reduce false negatives by focusing on tumours with
a higher fatality rate. However, this characteristic could
be associated with a higher probability of such diagnoses
occurring as a main discharge diagnosis compared with
diagnoses with a lower fatality rate that would reduce
the differences in discrimination between criterion Crb
and criterion Cr6. The setting of our algorithm C was
the version most similar to the algorithm used by these

authors, however, with the major difference that we also
considered outpatient diagnoses. Compared with their
results (sensitivity 95%, specificity 89%, PPV 98%, NPV
77%) which were based on a sample of only 119 deceased
women, our algorithm C showed a higher specificity and
NPV, a similar sensitivity but a lower PPV. Adding further
criteria lowered the rate of false positives but led to a
decline in sensitivity (our algorithm versions D-F).

Of note, the comparison of the validity measures
obtained in the two studies is constrained by the fact
that, contrary to our approach of using the official CoD
for validation, Gagnon et al relied on the decision of a
palliative care specialist who reviewed the entire hospital
medical chart to determine whether a study subject had
died of BC or not. Furthermore, Gagnon et af derived
their algorithm from a sample of women with BC in need
of end-of-life cancer care, while our approach intended
to identify the outcome ‘BC death’ among deceased
women in an epidemiological follow-up study. Therefore,
the two studies may have prioritised different criteria to
select the ‘bestfitting’ algorithm. It should further be
noted that Canadian study setting, characterised by only a
small proportion (16%) of women not dying of BC, that
is, a high a priori probability of BC death, facilitated the
generation of validity measures with a combination of
high specificity, high PPV and low NPV. By contrast, our
study sample comprised a proportion of 89% of women
not dying of BC, that is, a low a priori probability of BC
death, which more likely leads to results with combina-
tions of high sensitivity, low PPV and high NPV. Another
notable difference in the study setting was that we did not
restrict our sample to women dying in hospital (about
50% of all cases included in our study). Therefore,
comparisons between the study of Gagnon et al and our
study should only be cautiously invoked. However, it is
generally accepted that a high PPV is important to mini-
mise bias in relative effect estimates, that is, a high PPV
will be important when the algorithm is used for outcome
definition in future studies on risk factors of BC death or
the evaluation of screening measures.

Limitations

Some general limitations have to be considered when
interpreting our results. First, this study shows that it
appears principally feasible to adapt published algo-
rithms to the specific characteristics and requirements of
another data setting such as a claims database in another
country. Of note, 87% of the German population are
insured by SHIs all of which routinely collect claims data
on the same structured data basis as GePaRD and the
algorithm presented here is most likely also applicable to
data from other German SHIs. In theory, the algorithm
could even be transferred to other countries because the
three-digit diagnoses used (figure 1) are the same in the
international version of ICD-10. However, the purpose
of collecting health data and coding practices may be
different and this, in turn, could influence the informative
quality (specificity) of the diagnoses included. Further,
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different profoundness and details in the medical data
at hand (eg, tumour staging, disease severity, laboratory
measures) may necessitate modifications of the algorithm
and subsequently also additional evaluation.

Second, our reference, the official CoD, is notin perfect
agreement with the true underlying CoD. There is an
acknowledged degree of uncertainty in the abstraction of
the CoD from death certificates with some inter-rater vari-
ability."" ' For example, the medical examiner may occa-
sionally not be aware of the full medical history omitting
relevant concomitant disease data.'*'* In contrast, the
algorithm in our study was based on all medical diagnoses
recorded in the year before death. Thus, using the official
CoD as a gold standard for the validation of the algorithm
was a pragmatic choice in this study. Therefore, achieving
complete agreement between the official and the algo-
rithm-based CoD ‘BC’ was not to be expected.

Third, the record linkage procedure applied to add the
official CoD to the GePaRD data was based on a proba-
bilistic method using pseudonymised data. The linkage
method exhibited very low error rates in an independent
validation study.'” Additionally, the matches resulting
from the probabilistic linkage used in this study were
verified by a second, but different linkage method.”
Mismatches in the linkage procedure with subsequent
misclassification, which would result in an underestima-
tion of the performance of the algorithm versions exam-
ined in this study, are thus expected to be low. Further,
only 5.28% of the records of the original linkage sample
had no successful link with CR-NRW data. The cases that
could not be linked may be explained by data errors at
the CR-NRW or in the core data of the SHIs concerning
the personal identifiers used for the linkage.” These
data errors (mostly entry errors or various spellings of
complex names) are unlikely to be associated with the
CoD. The proportion of 10.9% with an official CoD ‘BC’
among those with a successful link corresponds closely
to national data of the Federal Statistical Office'® in the
observed age range. Thus, substantial biases introduced
by the linkage procedure appear unlikely.

Fourth, although the age-specific BC mortality rates
produced with algorithm E and the official BC mortality
rates provided by the ZfKD showed hardly any differ-
ences one needs to keep in mind differences between the
underlying study populations. While the latter are repre-
senting the general population of Germany, three of the
four SHIs contributing data to GePaRD comprise rela-
tively high proportions of insured persons with a better
educational and economic position.'” Social position is
generally associated with morbidity and mortality risk,"®
and meta-analyses indicate increased BC incidence rates
in women with higher socioeconomic status,'’ * while
the evidence regarding differences in BC mortality is
heterogeneous.'” Therefore, it is not clear whether the
selection of SHIs represented in the database could have
had an effect on the algorithm-based BC mortality rate.
Additionally, the official mortality rates are based on
the monocausal documentation of the underlying CoD.

Thus, if two different cancer diseases are documented by
the medical examiner on the death certificate, the official
CoD is coded as ‘malignant neoplasms of independent
(primary) multiple sites’ (ICD-10-GM: C97). Of note, for
only 0.6% of our sample (n=67) was C97 the official CoD
but n=10of them were classified as BC deaths by algo-
rithm E. This, however, limits the comparability of the
algorithm-based mortality rates with official data only to
a small extent.

Fifth, not all of the criteria defined for the different
algorithm versions were defined independently from
the data used for the evaluation of the algorithm perfor-
mance. Three of eight criteria were defined after addi-
tional considerations following a descriptive analysis
of the official causes of death of those selected as false
positives results with another algorithm version which was
based on a priori set criteria. Although we did not apply
typical machine learning for the algorithm versions in
our study and we did not directly analyse the diagnosis
entries used by the algorithm to classify deceased women
into ‘BC deaths’ and ‘non-BC deaths’, our procedure
might have led to some overoptimistic results for two of
the six tested algorithm versions. On the other hand, the
boxplots of the results of the test samples showed only
small variances for the calculated accordance measures of
the test samples that indicates rather a robust algorithm.

CONCLUSION

Our study showed that the algorithm-based classification
of BC as CoD, as adapted from a recently published Cana-
dian algorithm, is feasible with German claims-based data
(with the possible exemption of the age group 85+ years).
This may indicate that such algorithms could also be
adapted to healthcare databases in other countries. If
individual linkage with official CoD is not possible, the
algorithm is a useful tool that can be applied in epide-
miological studies using BC mortality as an endpoint, for
example, in the context of monitoring and evaluating
routine MSPs. Given that in Germany, about 90% of the
total female population are members of an SHI the algo-
rithm could be used to investigate BC deaths in the vast
majority of the German female population. However,
given the variability observed with different algorithm
versions, the transferability of the adapted algorithm to
other data sources will certainly require further specific
adaptations and additional validation.
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