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Abstract
Purpose  This study estimates the healthcare costs associated with breast cancer (BC) for different treatment phases (initial, 
intermediate, terminal) in Germany from the payer’s perspective.
Methods  The analysis uses claims data from the AOK Bayern covering 2011–2014 for continuously insured BC patients 
identified through inpatient and outpatient diagnoses. We calculate the healthcare costs attributable to BC using a control 
group design comparing the target population to a 1:2 matched control group adjusted for age, gender, and comorbidities. For 
incident and prevalent BC cases, we calculate age-standardized phase-specific incremental costs stratified by cost domain.
Results  The initial, intermediate, and terminal phases comprise 3841, 28,315, and 1767 BC cases, respectively. BC-related 
incremental costs follow a u-shaped curve, with costs highest near diagnosis and death, and lower in between. With average 
costs of €33,237 per incident and €28,211 per prevalent case in the remaining 11 months before death, the highest BC-related 
incremental healthcare costs can be found in the terminal phase. In the initial phase, there were mean incremental costs of 
€21,455 the first 11 months after diagnosis. In the intermediate phase, incremental costs totaled €2851 per incident and €2387 
per prevalent case per year. Healthcare costs decreased with age in most phases. The cost drivers depend on the treatment 
phase, with cytostatic drugs and inpatient treatment showing the highest economic impact in most phases.
Conclusion  The study concludes that BC care costs impose a relevant economic burden on statutory health insurance and 
vary substantially depending on the treatment phase.

Keywords  Breast cancer · Disease cost · Claims data · Joinpoint · Germany

JEL Classification  I10 · I13 · I14

Introduction

Breast cancer (BC) is the world’s second most common type 
of cancer and the most frequent in women. It represents 12% 
of all new cancer cases and 25% of all cancers in women [1]. 

In 2014, the age-standardized rate of incidence for women 
was 114.6 per 100,000 people in Germany, representing 
69,220 new BC cases. Between 1980 and 2004, the inci-
dence rate increased by about 50% [2]. Moreover, 559,900 
German women (10-year prevalence) were living with a BC 
diagnosis in 2014, and 17,670 of them died from the disease. 
However, the relative 5-year survival rate increased from 
69% in 1980 to 81% in 2004 [3]. This improvement resulted 
from better treatment options (e.g., higher radiation doses 
[4]), new drug interventions [5], and earlier diagnoses (e.g., 
through mammography screening [6]).

The treatment and prognosis of BC are influenced by 
factors such as age, cancer stage, and tumor characteristics 
(status of estrogen receptor, progesterone receptor, human 
epidermal growth receptor 2, and the histologic grade) 
[7]. The disease stage (diseases stage 0–IV) influences 
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disease-specific costs [8], which range from $60,637 (stage 
0) to $134,682 (stage IV) per patient in the initial 12 months 
postdiagnosis. In the European Union, cancer incurred €126 
billion of costs in 2009, €15 billion of which were attribut-
able to BC. Accounting for 12% of total cancer costs, BC 
represents the second highest economic cancer burden [9]. 
Germany’s costs of illness (COI) for BC were estimated 
at around 2169 million euros in 2015 [10]. Germany has 
Europe’s highest BC healthcare costs per person [9].

Cost analyses are important for political decision mak-
ing concerning prioritization and allocation [11]. Economic 
studies on BC cost patterns [12] include few analyses of 
BC-attributable health expenditures in Germany [13, 14]. 
Only two studies have reported the COI of BC using claims 
data from a statutory health insurance (SHI) in Germany 
[14, 15] of which one was only published as a poster abstract 
[15]. The second study is based on highly aggregated data 
sets referring to the year 1999 and covering inpatient spend-
ing, medication costs and sickness benefits, thus neglecting 
further cost domains (i.e., outpatient care, remedies/medical 
aids, rehabilitation). Moreover, stratification by cost cate-
gory did not take place [14]. Claims data from SHIs are well 
suited for cost analyses, since they are routinely collected 
for billing and reimbursement. However, a detailed analy-
sis of overall direct disease-related costs that identifies the 
cost-driving factors is required, because the extant studies 
differ substantially in their cost-calculation methods and cost 
domains considered.

Moreover, unlike US data [16], the German data have 
not been analyzed for cost patterns through a clinically 
meaningful phase-of-care approach in relation to diagnosis 
and death. The phases used by US studies are commonly 
divided into initial, intermediate and terminal care, and 
phase duration can be determined theoretically or empiri-
cally. This approach takes into account that costs may differ 
strongly across phases according to the need for treatment 
and healthcare costs are expected to be highest near diagno-
sis and death [16]. This is the first study that estimates the 
BC-attributable health expenditures in Germany according 
to empirically determined treatment phases.

Methods

Data source and study population

AOK Bayern provided data on all services reimbursed. Its 
sickness fund covered almost 4.3 million insured individuals 
in 2011 [17]. The analysis includes costs for inpatient and 
outpatient care, medication/cytostatic drugs, remedies and 
medical aids, rehabilitation, sick leave, and travel expenses. 
Patient identification was based on the ICD-10-GM sys-
tem with ICD codes C50.0 to C50.9. Inclusion in the study 

population required documentation for at least one inpatient 
diagnosis or secured outpatient BC diagnosis in 2012. For 
exclusive identification by outpatient diagnosis, a second 
secured outpatient diagnosis was required within the follow-
ing three quarters (i.e., occurring in 2013). We used 2011 to 
differentiate between incident and prevalent cases. Patients 
were defined as “incident” if no C50 diagnosis (outpatient/
inpatient) was documented in 2011. All sample patients had 
to be continuously insured from 2011 to 2014 or until death 
(whichever came first). Male patients and patients under 18 
were excluded, as both groups require special treatment.

Study design

We calculated BC-attributable costs using a control group 
design with pairwise direct matching. We compared BC 
patients to a 1:2 matched control group adjusted for gender, 
age and comorbidities. Using the Elixhauser comorbidity 
score [18], we calculated comorbidities for both the inter-
vention and control groups in 2011 on the basis of at least 
one inpatient/secured outpatient diagnosis. To avoid over-
adjustment, BC diagnosis was excluded in the count. For 
matching, we used the nearest neighbor approach, allowing 
for a caliper of 5 years/points. The control sample consisted 
of females continuously insured by AOK Bayern from 2011 
to 2014 without a BC diagnosis. Replacement of control 
group members was only allowed once.

Follow-up started for BC cases identified by hospitaliza-
tion from the beginning of the month of the inpatient diagno-
sis. In German claims data, outpatient diagnoses are reported 
on a quarterly basis. Thus, within the quarter of each BC 
diagnosis, we defined the beginning of the month in which 
the first service date (according to the Uniform Valuation 
Scheme [EBM]) was documented as the approximate date 
of the index event. Follow-up ended in the latest 2 years fol-
lowing the index event or in the month of death, whichever 
came first. We ensured that all BC cases classified as “non-
deceased” had not died within 6 months following the end 
of the observation. For controls, we considered follow-up 
periods analogously to the BC cases.

Following US studies [16, 19–25], we divided the time 
after BC diagnosis into clinically relevant treatment phases: 
(1) initial phase, comprising the primary course of therapy 
(e.g., surgery, chemotherapy, radiation); (2) intermediate 
phase, including active surveillance and ongoing medi-
cation to prevent recurrence (e.g., hormone blockade) or 
treatment complications derived from the initial course of 
therapy; and (3) terminal phase, comprising (palliative) ser-
vices provided in the last months before death. Lacking a 
scientific consensus on the duration of BC treatment phases, 
we first calculated the monthly BC-attributable costs and 
examined the average cost patterns from diagnosis to death. 
Using Trend Analysis Software from the National Cancer 
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Institute [26], we applied joinpoint regression [22, 27] to 
determine the length of the initial and terminal phase by 
assessing the points at which statistically significant changes 
occur in the cost slope. According to joinpoint regression 
analysis, there must be at least 12–16 data points (months) 
to receive two joinpoints. As the observation period’s maxi-
mum was 24 months and BC cases showed different char-
acteristics (e.g., incident vs. prevalent, alive vs. deceased), 
not all individuals underwent all phases of care. Therefore, 
to determine the length of the initial phase, we examined 
average cost patterns of newly diagnosed BC cases that were 
observable for 18–24 months. Similarly, definition of termi-
nal phase length was based on prevalent BC cases that had 
died during the observation period and were observable for 
18–24 months preceding death.

After determination of phase care length, individuals 
were assigned to phases of care. Following the literature [22, 
24], the observation period for BC cases who died was first 
assigned to the terminal phase of care. Any remaining time 
under observation, and all follow-up time for BC survivors, 
was then transferred to the initial treatment phase, and the 
most recent was assigned to the intermediate phase. In the 
initial and terminal phases, patients were excluded if they 
were not observable for the period determined by the join-
point regression analysis. To be included in the intermediate 
phase, BC cases had to be observable for at least 12 months 
(costs are on an annual basis).

Calculation and presentation of healthcare costs

Copayments and out-of-pocket payments were not consid-
ered because costs were analyzed from the SHI perspective. 
Healthcare costs in euro were extracted from the database for 
both BC cases and controls. For each inpatient/rehabilitation 
stay and sick leave period, costs were divided by the length 
of stay/duration and calculated according to the start and end 
of each phase. Unfortunately, only annual outpatient care 
costs were available. To obtain monthly values, outpatient 
care costs were divided by the months under observation. 
To provide a better overview, the costs of cytostatic drugs 
and any remaining medication are reported separately. These 
medication costs include only prescriptions for outpatient 
care. The costs of drugs administered during inpatient epi-
sodes are part of total inpatient costs.

By comparing the cost differences between BC cases and 
controls, we could calculate the BC-attributable costs dif-
ferentiated according to care phase. To adjust for age dif-
ferences between SHIs, we standardized costs according to 
the 5-year age structure of compulsory insured women in 
Germany for 2011 using data from the Federal Ministry of 
Health [17]. As the cases were few, we aggregated the costs 
of BC cases younger than 45 (initial and intermediate phase) 
and younger than 50 (terminal phase) before standardization. 

Sensitivity analyses were also conducted, calculating stand-
ardized healthcare costs by treatment type for the initial and 
terminal phase of care. Patient allocation to treatment types 
was based on clinical knowledge defining codes for surgery, 
radiotherapy and chemotherapy (see Appendix 1). Inclusion 
required at least one healthcare service. Data management 
and statistical analyses were performed with SAS 9.4.

Results

Study population

The inclusion criteria produced 36,033 BC patients (see 
Fig. 1). Of these, 32,058 were matched to 64,116 controls 
(1:2) and followed for a maximum of 2 years. After the 
matching, no significant differences were observed between 
BC cases and the controls concerning gender, age, or comor-
bidity score (see Table 1). Overall, 13% of BC cases were 
identified as incident, and 6% died within the follow-up 
period.

Through the joinpoint regression analysis, the initial 
treatment phase was defined as the month of diagnosis and 
the following 10 months. The terminal phase comprised the 
last 11 months of life, and the intermediate phase comprised 
all months between the initial and terminal phases. In the 
initial and terminal phase, the joinpoint regression analysis 
identified the points at which BC-related costs decreased 

Fig. 1   Cohort selection
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significantly. BC cases were included in one (94%) or two 
(6%) phases of care. Survivors were followed for 23 months 
on average (SD = 1) and deceased individuals 17 months 
(SD = 4) on average.

Concerning demographic characteristics, Table 2 shows 
that age at phase onset averaged around 67 in the initial 
phase, 67 (incident cases) versus 68 years (prevalent cases) 
in the intermediate phase, and 77 (incident cases) versus 
76 years (prevalent cases) in the terminal phase. The mean 
Elixhauser score was 4 points for BC cases in the initial 
phase, 4 (incident cases) versus 6 (prevalent cases) points 
in the intermediate phase and was highest for individuals 
assigned to the terminal phase (7 versus 13 points). Within 
each phase, prevalent cases had a significantly higher 
comorbidity score than incident individuals (p < 0.001; 
Mann–Whitney U test).

Healthcare costs

The highest incremental BC costs are in the terminal phase, 
followed by the initial and intermediate phases. Tables 3 and 
4 show the age-standardized healthcare costs in euro per 
cost component within each treatment phase for incident 
and prevalent patients.

As Table 3 shows, in the first 11 months following diag-
nosis, the average BC-related incremental costs totaled 
€21,455 per patient. At €11,220 per patient, cytostatic drugs 
represent more than half (52%) of initial phase costs, fol-
lowed by inpatient care (23%), outpatient care (11%), and 
sick leave payments (8%). All remaining cost compounds 
are of minor importance. Subgroup analyses revealed that 
total initial phase costs varied substantially by treatment 
type (see appendix 2). Incremental costs totaled €60,000 in 
patients treated with surgery, radiotherapy and chemother-
apy, whereas incremental costs of those treated with surgery 
alone (€7874) or surgery and radiotherapy (€11,210) were 
much lower.

In the intermediate phase, there were €2851 mean 
BC-related incremental costs for incident and €2387 for 
prevalent patients per year. For incident BC cases, almost 
a third of the costs is attributable to outpatient care. Cyto-
static drugs, inpatient care, and sick leave payments each 

accounted for 15–20% of incremental BC-related costs. In 
contrast, accounting for over half of incremental costs in 
prevalent cases, the highest cost drivers are cytostatic drugs, 
followed by outpatient care (18%), inpatient care (14%), and 
remedies/medical aids (9%). In both incident and prevalent 
cases, all remaining medication, rehabilitation, and travel 
expenses have limited effects on incremental costs.

In the terminal phase (11 months before death), mean 
BC-related incremental costs totaled €33,237 in incident and 
€28,211 in prevalent cases. In both incident and prevalent 
cases, nearly half of the costs were attributable to inpatient 
care, followed by cytostatic drug treatment (accounting for 
29–34%). Differentiating phase costs by treatment type, sub-
group analyses showed that total terminal care costs ranged 
between €11,608 in patients without active therapy (no claim 
for surgery, radiotherapy and chemotherapy) and €52,651 
in those treated with radiotherapy and chemotherapy (see 
Appendix 3).

Several studies suggest that BC costs differ substantially 
by age [13, 14]. Given the unstandardized costs stratified by 
5-year age groups (see Appendices 4 and 5), incremental 
BC-related costs in the initial phase decreased substantially 
by age, with €56,169 in patients aged 30–34 compared to 
€4530 in patients aged 85 or older. Though not apparent in 
all 5-year age groups, this general trend is also evident in the 
intermediate and terminal phases.

Discussion

Cancer costs are typically first reported at the initial diagno-
sis, for a specific event like recurrence, or generally (for can-
cer survivors) in a specific year. However, costs may change 
over time when measured longitudinally starting from ini-
tial cancer diagnosis to long-term survival or death. In the 
US, phase-specific approaches are often used to analyze 
cancer cost patterns [16, 25]. This study used claims data 
on real-life treatment to estimate the costs of BC care for 
Germany according to clinically relevant treatment phases. 
Using definitions of treatment phases according to joinpoint 
regression analysis, our study suggests that incremental BC-
related costs differ substantially by care phase. Standardized 

Table 1   Demographic 
characteristics after matching

SD standard deviation
a Chi-square test
b U test following Mann and Whitney

Group Gender: female Age Elixhauser comorbidity 
score

n

% pa Mean [SD] pb Mean [SD] pb

BC cases 100 1 67.12 [12.17] 0.99 5.93 [8.67] 0.99 32058
Controls 100 67.13 [12.16] 5.93 [8.67] 64116
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BC-attributable costs were highest in the terminal phase (11 
remaining months before death), averaging around €33,237 
in incident cases and €28,211 in prevalent case. Initial care 
costs in the 11 months after diagnosis totaled €21,455. Costs 
of €2,851 for incident and €2,387 for prevalent cases were 
incurred each year in the intermediate phase. Average costs 
in the intermediate phase are significantly lower (p < 0.001; 
Wilcoxon rank sum test) than for the initial and terminal 
phase. Consistent with US BC studies, the costs follow a 
u-shaped curve, with costs highest near diagnosis and death, 
and lower in between. Comparing absolute costs with US 
data would be challenging due to differences in treatment 
structures and reimbursement schemes as well as methodo-
logical inconsistencies (e.g., in data sources, study popula-
tions, matching criteria, and phase selection methods).

European studies that have not applied a data-driven 
phase-of-care approach have also found that the economic 
burden of BC is highest in the periods following diagnosis 
and near death [13]. With standardized costs of €21,455 per 
person for the first 11 months after diagnosis, initial care 
costs in our study are much higher than are those in other 
studies. Based on German claims data, Damm et al. [15] 
reported that BC-attributable costs averaged around €4,300 
per person in the 1st year after diagnosis. The 12-month 
costs of initial care have been reported to total around €8553 
for Sweden (converted from SEK to € with an average 2005 
exchange rate of 9.2822 SEK/€) [28]) and €7982 for Bel-
gium [29]. However, studies differ in their data sources and 
cost-calculation methods, as well as in the cost domains 
examined, leading to an underestimation of costs. Moreo-
ver, BC healthcare costs per case [30]/per person in the EU 
[9] are generally found to be more than two to three times 
higher in Germany than in Belgium or Sweden.

For the intermediate phase, annual direct BC-related 
healthcare costs were estimated at €2851 for incident and 

€2387 for prevalent cases. While Broekx et al. [29] reported 
much lower costs for the 2nd year following diagnosis 
(€1317 per patient for Belgium), our results are in line with 
Lidgren et al.’s [28] finding that annual direct costs for the 
2nd and following years after initial BC diagnosis /recur-
rence totaled €2359 (converted from SEK to € with an aver-
age 2005 exchange rate of 9.2822 SEK/€). Moreover, our 
results indicate that incident cases result in a significant 
(p < 0.001; Mann–Whitney U test) average cost impact of 
about €460 per year compared to prevalent cases. Given the 
proximity in time to the primary diagnosis, active surveil-
lance and therapy for complications resulting from the initial 
course of therapy might be paramount. In prevalent cases, 
more than half of the costs are attributable to cytostatic 
drugs, indicating that our sample might include BC cases 
experiencing recurrent events. Although BC costs are gen-
erally higher near diagnosis and death, intermediate phase 
costs will become increasingly economically important, 
even if patients remain recurrence-free, as BC is showing 
increasing survival rates. Further examination of whether 
intermediate care costs will decline after initial diagnosis, 
as reported by Broekx et al. [29], is required.

Few studies have examined mortality costs. In the 
11-month terminal phase of care, direct BC-related health-
care costs averaged €33,237 in incident cases and €28,211 
in prevalent cases. The only German study that calculated 
BC costs in the terminal phase found, by applying the pro-
pensity score method and adjusting for age and comorbidi-
ties, incremental direct healthcare costs of €10,950 in the 
last year before death [15]. However, unlike our analysis, 
this study did not include all cost domains from the per-
spective of the SHI and performed one-to-one matching to 
balance patient characteristics between cases and controls. 
The choice of comparison cohort can strongly impact the 
net costs of cancer [31], but the scientific literature displays 

Table 4   Age-standardized healthcare costs of prevalent BC cases in Germany (in €, mean [standard deviation])

a If an illness lasts longer than 6 weeks, the employee will receive sick leave payments from the health insurance covering 70% of the gross salary 
for up to 78 weeks

Cost sector Intermediate phase (12 months) Terminal phase (11 months)

BC cases Controls Increment BC cases Controls Increment

Medication (sum) 1890 [10128] 568 [1642] 1322 [10229] 12,003 [23427] 643 [1982] 11360 [23427]
 Cytostatic drugs 1220 [9654] 7 [284] 1213 [9657] 9698 [22836] 6 [359] 9692 [22840]
 Other medication 670 [1857] 561 [1610] 109 [2427] 2306 [3460] 638 [1943] 1668 [3959]

Remedies/medical aids 511 [890] 305 [856] 206 [1208] 1238 [1542] 416 [1187] 822 [1931]
Outpatient care 1295 [1191] 871 [716] 424 [1376] 2876 [2557] 872 [710] 2005 [2683]
Inpatient care 1684 [4539] 1353 [3556] 330 [5711] 14,914 [15460] 1885 [5466] 13029 [16567]
Rehabilitation 95 [469] 92 [449] 3 [638] 202 [906] 98 [547] 103 [1056]
Sick leave paymentsa 214 [1166] 141 [936] 73 [1479] 298 [1532] 139 [1339] 158 [1978]
Travel expenses 105 [368] 77 [324] 27 [481] 834 [1078] 99 [435] 735 [1151]
Sum 5794 [12561] 3407 [5201] 2387 [13443] 32,365 [30141] 4153 [7752] 28211 [30612]
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no broad consensus on the choice of comparison group in 
cancer cost estimation. As healthcare costs vary strongly, 
depending on comorbidities and resource consumption, one-
to-two matching may lead to more robustness in estimation.

Concerning direct costs, most studies report inpatient 
care [13, 15, 32] or both inpatient care and drugs [9] as 
the greatest cost drivers in BC. Our results suggest that the 
cost-driving factors depend on the care phase. In the initial 
phase, cytostatic drug costs were the main driver, whereas 
in the terminal phase inpatient treatment was paramount. 
The impact of cytostatic drugs in the intermediate phase was 
greater for prevalent (51%) than for incident (20%) patients. 
Inpatient care costs contributed to 23% of costs in the initial 
phase and 14–17% in the intermediate phase. The differ-
ences in the economic relevance of inpatient care and medi-
cation might reflect the fact that cytostatic drug costs rep-
resent only outpatient prescriptions and that chemotherapy 
might also be administered during an inpatient episode and 
thus be included in inpatient costs.

Consistent with previous German studies [13, 14], we 
found that direct BC-attributable costs decreased with age, 
particularly in the initial treatment phase (see Appendix 4 
and 5). Older women might have a lower chance of receiving 
aggressive treatment due to comorbidities or lower expected 
long-term benefits, or because they reject chemotherapy. 
Similar to Gruber et al. [14], we found that, while 97% of 
healthcare costs were BC-attributable in 25–29-year-old 
women, the share decreased to 56% in women over 85. In 
the intermediate phase, the share decreased from 77 to 23% 
in incident and from 71 to 15% in prevalent cases. Younger 
women might be more likely to take time off from work 
after diagnosis and, as they receive more aggressive treat-
ment, may also experience more lasting effects from the ini-
tial therapy. Hence, if BC could be detected earlier or even 
prevented, especially among young women, the overall cost 
burden could be reduced.

This study is limited by the nature of its data source. 
First, as claims data are routinely collected for billing and 
reimbursement, they do not include information on clini-
cal parameters, thus preventing cost stratification by cancer 
stage or tumor type. However, we differentiated between 
incident and prevalent patients as well as different treatment 
types. As patient allocation to treatment cohorts (subgroup 
analyses) was based exclusively on services reimbursed by 
SHI and some services/drugs are not indication-specific 
(e.g., methotrexate), some patients might not have been 
(adequately) captured. However, consulting a clinical expert, 
we developed an algorithm using a wide range of different 
classification systems. Moreover, with regard to the differ-
entiation of incident and prevalent cases, using a lookback 
period of 1 year might overestimate incident BC cases. Nev-
ertheless, when performing sensitivity analyses identifying 
BC cases in 2013 (n = 37,824) and extending the lookback 

period from 1 to 2 years, we found a small decrease in the 
percentage of incident patients from 13.5% (1 year) to 12.0% 
(2 years).

Second, claims data lack information on cause of death. 
Hence, BC cases assigned to the terminal phase might have 
died from causes other than BC. Third, as only annual (cal-
endar year) outpatient care cost data were available, monthly 
costs might not have been assigned adequately to the care 
phases. However, in the 12-month intermediate phase, more 
than 80% of the individuals started their phase in the first 
quarter of 2012, covering almost the full calendar year. 
Fourth, sick leave payments include exclusively SHI costs. 
German law requires that an employee will only receive sick 
leave payments from the health insurance (covering 70% 
of the gross salary for up to 78 weeks) if an illness lasts 
longer than 6 weeks. During the first 6 weeks of sickness, 
the employer has to pay 100% of the salary. Fifth, we used 
data from one regional sickness fund. As the composition of 
health insurances differs (e.g., in terms of age, gender and 
social status [33, 34]) our results’ generalizability might be 
limited. The median age at diagnosis and death was about 3 
and 5 years, respectively, above the median age reported in 
registry data [3], because the AOK Bayern included a higher 
proportion of insured women 70 or older and a lower propor-
tion of insured women 30–70 relative to all statutory insured 
women in Germany in 2011 [17]. To address this issue and 
generalize costs, we standardized them according to gender 
and the 5-year age structure of the German health insurance 
population. We thus calculated BC-related incremental costs 
under real-life conditions, including all cost domains that 
might be relevant from the SHI perspective. Ours is the first 
study to calculate direct BC costs for Germany using an 
incidence-based phase-of-care approach.

Conclusion

The economic burden of BC represents a major challenge 
for the SHI. This study indicates that BC healthcare costs 
depend on treatment phase, with higher costs near diagnosis 
and death and lower costs in between. The greatest economic 
burden occurs in the first 11 months following diagnosis 
and the last 11 months before death, depends heavily on 
patient age, with cytostatic drugs and inpatient care account-
ing for three quarters of total costs. Although intermediate 
phase costs are lower than those in phases near diagnosis 
and death, they remain substantial. Future studies should 
stratify German BC care costs according to cancer stage 
and tumor characteristic by linking claims data with clinical 
information.
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Appendix 1

See Table5 

Table 5   Claims defining treatment typesin BC patients

Code System Name/description

Chemotherapya

 9999092 PZN Cytostatic drugs (parental preparations)
 L01XA01 ATC​ Cisplatin
 L01DB01 ATC​ Doxorubicin
 L01DB03 ATC​ Epirubicin
 L01DB07 ATC​ Mitoxantrone
 L01AA09 ATC​ Bendamustine
 L01XC07 ATC​ Bevacizumab
 L01BC06 ATC​ Capecitabine
 L01AA01 ATC​ Cyclophosphamide
 L01XX41 ATC​ Eribulin
 L01BC02 ATC​ Fluorouracil
 L01BC52 ATC​ Fluorouracil, combinations
 L01BC05 ATC​ Gemcitabine
 L01XA02 ATC​ Carboplatin
 L01CD01 ATC​ Paclitaxel
 L01CD03 ATC​ Paclitaxel poliglumex
 L01CD02 ATC​ Docetaxel
 L01CA04 ATC​ Vinorelbine
 L01AA06 ATC​ Ifosfamide
 L01BA01 ATC​ Methotrexate
 L01DC03 ATC​ Mitomycin
 L01XX17 ATC​ Topotecan
 L01DC04 ATC​ Ixabepilone
 L01CA03 ATC​ Vindesine
 8–54 OPS Cytostatic chemotherapy, immunotherapy and antiretroviral therapy

Surgerya

 5–87 OPS Excision and resection of breast
 5–88 OPS Other mammary operations
 5–40 OPS Lymphatic tissue operation
 J01Z DRG Tissue transplantation with microvascular anastomisation in case of malignant neoplasms of skin, subcutis and breast
 J06Z DRG Mastectomy with prosthesis implantation and plastic surgery in case of malignant neoplasms
 J07A DRG Minor interventions of the breast with axillary excision of lymphatic nodes or extremely severe or severe complication 

or comorbidity in case of malignant neoplasms, with intervention on both sides
 J07B DRG Minor interventions of the breast with axillary excision of lymphatic nodes or extremely severe or severe complication 

or comorbidity in case of malignant neoplasms, without intervention on both sides
 J08C DRG Skin graft or debridement without complex procedure, with specific intervention on the skin, subcutis and breast, with 

extremely severe complication or comorbidity
 J10A DRG Plastic surgery of skin, subcutis and breast in case of malignant neoplasms
 J14A DRG Plastic reconstruction of the breast in case of BNB with complex reconstruction or mastectomy on both sides in case 

of BNB or radiotherapy with oper. proc. in case of diseases and disorders of the skin, subcutis and breast, with pros-
thesis implantation on both sides or skin expander implantation

 J14B DRG Plastic reconstruction of the breast in case of malignant neoplasms without complex reconstruction
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PZN pharmaceutical registration number, ATC​ anatomical therapeutic chemical classification, OPS classification for the encoding of operations, 
procedures and general medical measures, DRG diagnosis-related groups, EBM catalogue of the Uniform Value Scale
a Inclusion required at least one healthcare service

Table 5   (continued)

Code System Name/description

 J16A DRG Mastectomy on both sides in case of malignant neoplasms
 J23Z DRG Major interventions on the breast in case of malignant neoplasms without complex intervention, without specific 

intervention on female reproductive organs in case of malignant neoplasms
 J25Z DRG Minor interventions on the breast in case of malignant neoplasms without or extremely severe or severe complication 

or comorbidity
 J26Z DRG Plastic reconstruction of the breast with complex skin graft or major intervention on the breast in case of malignant 

neoplasms with complex intervention or specific intervention on female reproductive organs in case of malignant 
neoplasms

 J62A DRG Malignant neoplasms of the breast, more than 1 day of hospitalization, with extremely severe complication or comor-
bidity

 J62B DRG Malignant neoplasms of the breast, 1 day of hospitalization or extremely severe complication or comorbidity
Radiotherapya

 8–52 OPS Radiotherapy
 8–530 OPS Therapy with open radionuclides
 25211 EBM Radiotherapy: flat fee in case of malignant neoplasms
 25310 EBM Soft X-ray or orthovoltage therapy
 25320,
25321,
25322,
25323

EBM High-voltage therapy

 25330,
25331,
25333

EBM Bracytherapy

 40840,
40841

EBM Lump sum for individual adjustments in case of radiotherapy (e.g. positioning aids)
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Appendix 2

See Fig. 2

Fig. 2   Age-standardized incremental healthcare costs of BC cases in 
the initial phase by treatment type (in €, mean). As cases were few 
we aggregated BC cases with radiotherapy (n = 68) or chemotherapy 
(n = 33) or radiotherapy + chemotherapy (n = 17) or no active therapy 

(n = 1110) to “other forms of therapy”. The group “no active therapy” 
includes all BC cases without any claim for surgery, radiotherapy and 
chemotherapy



461Healthcare costs associated with breast cancer in Germany: a claims data analysis﻿	

1 3

Appendix 3

See Fig. 3

Appendix 4

See Table 6

Fig. 3   Age-standardized incremental healthcare costs of BC cases in the terminal phase by treatment type (in €, mean). The group “no active 
therapy” includes all BC cases without any claim for surgery, radiotherapy and chemotherapy
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Appendix 5

See Table 7
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Table 7   Unstandardized healthcare costs of prevalent BC cases (n) in Germany by age group (in €, mean [standard deviation])

a  number of BC cases

Age Intermediate phase (12 months) Terminal phase (11 months)

na BC cases controls Increment na BC cases controls Increment

 < 20 1 2815 2093 [1592] 722 [1592]
20–24 7 9269 [15984] 1592 [1311] 7677 [14712]
25–29 28 6941 [13800] 2040 [3346] 4901 [14559]
30–34 90 12790 [24404] 2489 [3457] 10301 [24508]
35–39 199 9607 [22449] 2730 [5458] 6877 [23196] 7 84436 [39194] 4111 [6556] 80324 [39268]
40–44 663 7825 [20122] 2861 [5240] 4965 [20461] 10 37061 [17529] 3586 [5505] 33475 [17772]
45–49 1295 6738 [19038] 2708 [4935] 4030 [19654] 33 37403 [23323] 5678 [13748] 31725 [26243]
50–54 2248 5472 [10925] 3131 [5922] 2341 [12145] 46 57206 [42144] 4070 [8522] 53135 [39679]
55–59 2686 5178 [11441] 3320 [5319] 1858 [12304] 74 42479 [36820] 4457 [7580] 38022 [37378]
60–64 3304 5094 [10517] 3045 [4815] 2049 [11482] 101 30722 [18845] 3470 [8066] 27253 [21178]
65–69 3609 5416 [11111] 3383 [5403] 2033 [11937] 120 32262 [27941] 4289 [8731] 27974 [29468]
70–74 5202 5296 [8752] 3634 [4891] 1662 [9836] 219 25412 [19748] 3608 [4901] 21804 [20670]
75–79 3636 5571 [8364] 4116 [5607] 1455 [9886] 250 21973 [20860] 4417 [5872] 17556 [21411]
80–84 2191 5330 [6456] 4265 [4900] 1065 [7977] 273 15843 [12530] 4183 [5494] 11661 [13530]
 > 84 1410 4928 [5123] 4166 [4600] 763 [6722] 355 10745 [9087] 3714 [4781] 7031 [10069]
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