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improved breast cancer survival, yielding 201 LYG per 1000 patients (95% confi-
dence interval: 185-216). Accounting for €1.5 M in certification-related costs and
marginal direct medical costs, the total incremental cost was €1.81 M per 1000
patients. This resulted in an ICER of €9036 per LYG. Despite the financial investment
required for DKG certification, BC treatment in CHs provided significant survival
benefits at a reasonable incremental cost, reinforcing the clinical and economic value.
These findings offer critical insights for hospital authorities and healthcare policy-

makers, supporting the continued investment in certification.

KEYWORDS
breast cancer, breast cancer treatment cost, cancer center certification, certified hospitals, cost-
effectiveness analysis

What's New?

This study is the first to quantify the cost-effectiveness of breast cancer treatment in German
Cancer Society-certified hospitals using real-world data from over 140,000 patients. Analysis on
certification-related costs and survival outcomes demonstrates that high-quality multidisciplin-
ary care at certified hospitals delivers substantial clinical benefit at a reasonable incremental

cost. The findings provide robust economic justification for hospital certification programs and

1 | INTRODUCTION

Breast cancer (BC) is the most common cancer and the leading cause of
cancer-related death among women worldwide.? In 2022, approximately
74,500 women were diagnosed with BC (10th Revision of the Interna-
tional Classification of Diseases [ICD-10] C50) in Germany, and around
6000 were diagnosed with carcinoma in situ (ICD-10 DO5). This inci-
dence rate equates to one in eight women in Germany being diagnosed
with BC in their lifetime. With approximately 315,000 patients living
with BC (5-year prevalence), the disease claims over 18,500 lives each
year in Germany, according to the German Centre for Cancer Registry
Data (Zentrum fiir Krebsregisterdaten [ZfKD]).?

Given the large patient population, BC has significant economic
and healthcare policy implications. In 2020, BC in Germany cost
approximately €4.42 billion in medical expenses.® The highest contrib-
utors to this economic burden include inpatient care, medication, and
productivity losses.* In recent decades, advances in BC screening and
therapy—particularly the introduction of personalized, targeted multi-
modal treatments—have significantly improved long-term survival.®
BC treatment options include surgery, radiotherapy, endocrine ther-
apy, chemotherapy, immunotherapy, and further targeted therapies.
Treatment and prognosis are determined by factors such as age, can-
cer stage, and tumor characteristics, including estrogen receptor (ER),
progesterone receptor (PR), human epidermal growth factor receptor
2 (HER?2) status, histologic grade, and the proliferation marker Ki67.°
With the growing complexity of BC treatments due to advancements
in diagnostics, surgery, and medical technology, it is crucial to adhere
to standardized treatment protocols and guidelines, ensuring consis-
tent and evidence-based care for better patient outcomes and

reduced variability in treatment approaches.

offer valuable evidence to inform healthcare policy and reimbursement decisions.

The German Cancer Society (Deutsche Krebsgesellschaft [DKG])
provides the certification and auditing of hospitals in Germany. BC
was the first tumor entity included in the certification program since
2003.” In accordance with Goal 5 of the National Cancer Plan, the
National Certification Program has established a three-tier oncological
care model. This includes Organ-Specific Cancer Centers (C), which
focus on specific tumor types, and Oncological Centers (CC), which
provide care for multiple cancer types. Both C and CC centers are cer-
tified by the DKG. Comprehensive Cancer Centers (CCC) are co-
certified by DKG and German Cancer Aid (Deutsche Krebshilfe
[DKH]) and mostly affiliated with university hospitals, combining mul-
tidisciplinary patient care with cancer research and the development
of new treatment approaches.7

Hospitals can apply for certification on a voluntary basis. This is
often because they have the necessary resources and infrastructure to
meet the certification criteria, as well as the capacity to cover the associ-
ated costs and effort. Consequently, some hospitals do not seek certifi-
cation. These hospitals also treat BC patients, as patients in Germany
have a legal right to choose where to receive treatment. Patients' deci-
sions about where to receive treatment can therefore be influenced by a
variety of subjective and objective factors, in addition to certification.

Certified hospitals (CHs) must adhere to defined quality standards
in areas such as structural organization, diagnostic procedures, and
treatment methods, including breast surgery, pharmacological therapies,
radiotherapy, and psychosocial support. Certification and recertification,
conducted every 3 years, require compliance with national treatment
guidelines, the establishment of structured patient pathways, and the
organization of interdisciplinary tumor boards to facilitate interdisciplin-
ary decision-making, etc. As of 2024, 257 hospitals are DKG-certified
for BC treatment (Source: German Cancer Society, DKG).2
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Patient prognosis is a key indicator of cancer quality care and clin-
ical effectiveness. Several studies suggest that care provided by CHs
is associated with improved short- and long-term survival.” ! A
multi-institutional research initiative, “Effectiveness of Care in Certi-
fied Cancer Centers study (Wirksamkeit der Versorgung in onkolo-
gischen Zentren, WiZen),” further supports this observation,
demonstrating superior clinical outcomes and significantly improved
patient survival rates in CHs compared to non-certified hospitals
(NCHs).22724

Despite the additional costs associated with meeting certification
requirements, the costs incurred by hospitals were not eligible for
reimbursement within the German Diagnostic-Related Group
(G-DRG) framework. A 2017 report by Prognos AG estimated these
annual costs to range from €0.2 to €10.4 million, depending on hospi-
tal size and DKG certification type.r®> These unreimbursed costs raise
questions about overall cost-effectiveness and necessitate further
investigation into the cost-effectiveness of BC treatment in CHs. A
research by Chen et al.’® indicates that CHs can provide more cost-
effective care in colon cancer treatments, suggesting the potential for
similar benefits in BC.

Our research will examine the cost-effectiveness of BC care in
DKG-certified versus NCHs, using an administrative dataset from a
German statutory health insurance (SHI). By analyzing resource utili-
zation and survival outcomes, we aim to generate updated evidence
and conduct a cost-effectiveness analysis from a health system per-
spective, considering both direct treatment costs and center certifica-
tion costs. The findings will provide health economic insights to
inform policymakers and guide future decisions regarding DKG certifi-

cation to hospitals.

2 | METHOD

2.1 | Datasource

Our retrospective cohort study utilized anonymized billing data from
Germany's largest statutory health insurer, Allgemeine Ortskranken-
kasse (AOK), covering 2009-2017. This administrative data provided
essential information for cost analysis and patient survival. Our cost-
effectiveness analysis was based on a cohort of BC patients from the
WiZen project, which investigated survival outcomes across 11 cancer
types by comparing DKG-certified and NCHs in Germany.

The study sample included AOK-insured individuals aged 18 or
older diagnosed with incident BC (ICD-10: C50 and DO5) between
2009 and 2017. An index treatment was defined as the first inpatient
treatment for a primary or secondary BC diagnosis. Exclusion criteria
included coinciding diagnosis and death dates, absence of an inpatient
primary diagnosis, changes in center status, zero survival time, missing
hospital characteristics, non-continuous AOK insurance, primary re-
section more than 6 months post-index treatment, or treatment at
hospitals within 1 year before DKG certification.

The final cohort of 143,720 BC patients was divided into two
groups: patients initially treated in CHs versus NCHs. This grouping
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enabled comparative analysis of treatment outcomes and economic
implications between certified and non-certified facilities. Details of
the data preparation process can be found in Supporting

Information S1: Appendix A.

2.2 | Survival analysis for evaluation of the life-
year gained

Firstly, we performed survival analysis using the Kaplan-Meier
method to assess overall survival (OS) in BC patients treated at CHs
and NCHs. A 5-year survival analysis was used for comparison with
other studies. Survival time was measured from the index treatment
date to death or censoring. The restricted mean survival time (RMST),
representing average survival within 5 years, was derived by integrat-
ing the area under the Kaplan-Meier curve. RMST difference pro-
vided an intuitive measure of survival benefit, handling censored data
without relying on proportional hazards assumptions. OS reflected the
combined impact of all treatment qualities (surgery, chemotherapy,
radiotherapy, endocrine therapy, and supportive care), making it use-
ful for evaluating overall effectiveness.

To adjust for potential confounding factors, we fitted a Cox pro-
portional hazards regression model. This model enabled adjustments
for age group (18-59, 60-79, and 80-), metastatic status (ICD-10
C78, C79), comorbidity (Elixhauser Comorbidity Index), and hospital
size (1-299, 300-499, 500-999, and 1000+ beds). RMST of Cox
model was then calculated by numerically integrating these adjusted
survival curves, providing an adjusted estimate of confounder impact.
Bootstrapping (10,000 samples) yielded mean and 95% confidence
interval estimates for the Cox model's RMST.

Our study utilized Microsoft Excel and R version 4.1.2 for data

processing, statistical analysis, and graphical representation.

2.3 | Calculation of reimbursement costs
The cost of a disease on a patient population could be estimated using
two primary methods: micro-costing or top-down methods.!” The
top-down approach allocated macro-level healthcare expenditures
based on assumptions. In contrast, the micro-costing method provided
greater precision by calculating patient-level costs within a selected
sample to determine average and total expenditures. Evaluation of BC
cost required identifying costs directly associated with BC treatment
while considering the impact of comorbidities. In our study, micro-
costing from the administrative/claim data was used to estimate the
direct cost incurred by BC patients.*®

While total patient counts represented incident BC cases, individ-
uals might have multiple records within the inpatient and outpatient
treatment records due to repeated visits over their 5-year survival
period following index treatment. This incident costing method fol-
lowed a patient-level, longitudinal approach, tracking the actual
resource utilization and healthcare expenditures incurred throughout

the disease trajectory. It reflected the total financial burden accrued
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throughout the study period, particularly relevant for survival ana-
lyses. The incident costing did not support annualized analysis but
aligned with the use of survival curves, RMSTs, and other longitudinal
measures. A detailed costing method framework for included cost cat-

egories in our study was described in Figure 1.

2.3.1 | Inpatient care and treatment cost

In Germany, health care providers (hospitals/treatment centers)
were reimbursed with a lumpsum amount for each inpatient admis-
sion through a fixed amount payment system.'? This system relied
on the G-DRG classification, which standardizes reimbursement
based on the diagnosis and treatment provided to patients. The
Institute for the Hospital Remuneration System (InEK) was res-
ponsible for annually publishing a fixed amount catalog
(Fallpauschalen_Katalog) that serves as a cost reference for these
payments. In this study, DRGs related to BC and corresponding
inpatient admissions were identified using search terms such as
“breast,” “mastectomy,” and “mammary,” resulting in 38 BC-related
DRGs. A breakdown of total admissions for each BC-related DRG,
including descriptions, can be found in Supporting Information S1:
Appendix B.

The DRG rate (flat rate per case) of each admission was multiplied
by the federal base rate of each year to obtain the average reimburse-
ment in euro. We acknowledge that DRG rates were subject to addi-
tional cost adjustments based on admission duration and hospital
performance. Thus, the national average reimbursement rates for each
DRG were used to estimate the average BC treatment costs

(Equation 1). The cost data were truncated at 5 years from the index
treatment for each patient to calculate reimbursement for each BC
patient during their 5-year survival period. The reimbursements were
adjusted to 2024 euro using the consumer price index of inpatient

health services for Germany.

Reimbursement amount = flat rate per case (G — DRG)
x federal base rate (Bundesbasisfallwert).

(1

Example:

Inpatient admission with G-DRG J23Z.

(Description: major operations on the breast in the case of a
malignant neoplasm).

Average flat rate per case for G-DRG J23Z in 2017 = 1.495.

Federal base rate of the year 2017 = €3376.11.

Reimbursement amount for health care provider = 1.495 x
3376.11 = €5047.28 (2017).

2.3.2 | Outpatient treatment cost

The Uniform Evaluation Standard (Einheitlicher BewertungsmaRstab-
EBM) catalog was a standardized framework for billing outpatient
medical services within Germany's SHI system, ensuring that only
accurately coded and documented services qualify for reimburse-
ment.2° The National Association of Statutory Health Insurance Physi-

cians (Kassenarztliche Bundesvereinigung-KBV) published the EBM

catalog as quarterly cost reference sheets.

Costing Method Framework for Breast Cancer Treatment and Certification
(B) Outpatient Treatment (C) Breast Cancer (D) Costs Associated
(of 13 Medications Cost with Center Certification

(A) Inpatient Care and
Treatment Cost

* Reimbursement via Uniform
Evaluation Standard (EBM).

« Cost reference: EBM
catalog published by the
National Association of
Statutory Health Insurance
Physicians (KBV).

« Uses OPS classification for
medical procedures and
associated EBM.

* 69 EBM codes identified for
breast cancer-related
outpatient services.

« Calculation: OPS codes —

« Reimbursement via
German DRG (G-DRG)
system.

« Cost reference: yearly
Fallpauschalen_Katalog
published by InEK.

» DRG classification based

on terms: "breast,"

"mastectomy," and

"mammary.”

Calculation: In-patient cost

= DRG Rate (Flat rate per

case) x Federal Base Rate

(Yearly Adjusted).

« Adjusted to 2024 Euros EBM codes —
using CPI for inpatient Reimbursement rates (Q4
health services. 2017).

« Costs adjusted to 2024
Euros using CPI for
outpatient health services.

FIGURE 1

* Cost reference: Drug fixed
amount rates from Federal
Institute for Drugs and
Medical Devices (BfArM)
(as of Jan 1, 2024).

» BC drug list established
from WiZen project expert
panel based on S3 Breast
Cancer Guideline.

* Drug identification using
ATC classification & inpatient admission x
Pharmazentralnummer Number of inpatient
(PZN). admissions.

+ Calculation: Prescription - Adjusted to 2024 Euros
records matched with using CPI for health
ATC/PZN codes. (CC13-08).

« Cost reference: Prognos
AG (2017) report by
Hélterhoff et al. survey of
24 certified hospitals.

« Selected 17 additional
services directly linked to
patient survival.

« Calculation:

« Weighted average of
certification cost per

Overview of cost calculation framework for breast cancer treatment and certification. (A) Inpatient care and treatment cost.

(B) Outpatient treatment cost. (C) breast cancer medications cost. (D) Costs associated with center certification. ATC, Anatomical Therapeutic
Chemical Classification System); BfArM, Federal Institute for Drugs and Medical Devices; CPI, Consumer Price Index; EBM, Einheitlicher
Bewertungsmalstab (Uniform Evaluation Standard); G-DRG, German Diagnosis-Related Groups system; InEK, Institute for the Hospital
Remuneration System; OPS, Operationen- und Prozedurenschliissel (Operations and Procedure Classification System); PZN,

Pharmazentralnummer (Pharmaceutical Central Number.
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The EBM catalog incorporated the Operations and Procedure
Classification System (Operationen- und Prozedurenschliissel—OPS),
a classification system that provided standardized descriptions of
medical procedures. The OPS table in the EBM catalog specified
detailed codes for procedures and their corresponding services in out-
patient settings, enabling precise billing for outpatient care.

For BC procedures, the OPS table listed the relevant OPS codes,
corresponding EBM codes, and the allowable health services in outpa-
tient care. A total of 69 EBM codes were identified as applicable to
BC-related outpatient services (see Supporting Information S1:
Appendix C). The cost reference sheet from Q4 2017 was used to
estimate reimbursements for BC patients in the cohort. These costs
were adjusted to 2024 euro using the consumer price index of outpa-

tient health services for Germany.

2.3.3 | Cost calculation for breast cancer
medications

In Germany, pharmaceutical products were uniquely identified
using the Anatomical Therapeutic Chemical (ATC) classification
system and Pharmazentralnummer (PZN) codes. This system facili-
tated the conversion of prescriptions into standardized reimburse-
ment amounts. Drawing upon clinical expertise and the S3 Breast
Cancer Treatment Guideline, a panel of clinicians from the WiZen
project established a list of 27 BC-related drugs with their associ-
ated ATC codes.® Medication costs were calculated from issue
records in the dataset, using PZN and ATC codes and the fixed
reimbursement rates published by the Federal Institute for Drugs
and Medical Devices (BfArM) and market prices as of January
1, 2024.?' This methodology for estimating medication costs,
anchored to a single latest official pharmaceutical reference prices,
serves to mitigate distortions arising from market volatility and to
neutralize potential pricing effects associated with the introduc-
tion of biosimilars. See Supporting Information S1: Appendix D for
a detailed list of medications and their associated costs incurred by
each patient group.

2.34 | Costs associated with center certification
Holterhoff et al. identified the additional services and associated costs
for German Cancer Society (DKG) certification through a survey of
24 CHs.*® This report categorized fixed and variable costs across dif-
ferent hospital levels. Of the 31 identified services, 6 were excluded
as they pertain only to Comprehensive Cancer Centers (CCC), and
8 were deemed unrelated to patient survival. Consequently, 17 ser-
vices, considered directly linked to patient survival based on Cheng
et al.'s assumptions, were selected for further analysis (see Supporting
Information S1: Appendix E).

To calculate the certification costs attributable to certified hospi-
tal patient group, we calculated a weighted average of the certifica-

tion cost per inpatient, based on the cost estimates from Holterhoff
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et al., and multiplied it by the number of inpatient admissions in our
dataset. All costs were adjusted to 2024 euros using the German con-
sumer price index for health (CPIl; CC13-06).

24 | Cost-effectiveness analysis
The incremental cost-effectiveness ratio (ICER) measured the addi-
tional cost incurred per unit of health benefit (e.g., life-years gained
[LYG]) when comparing two healthcare interventions. It was calcu-
lated as the difference in costs divided by the difference in effect
between the new and standard treatments/intervention. A lower ICER
indicates better cost-effectiveness, and it is often compared to a
willingness-to-pay (WTP) threshold to determine if an intervention is
economically viable. A 3% discount rate is applied on both cost and
benefit.

The ICER between certified and NCHs was derived using the fol-
lowing equation’:

Incremental cost Costcy — Costnch

ICER= = , (2
¢ incremental life — year gained RMSTcy — RMSTycH (2)

where ICER = incremental cost-effectiveness ratio, Costcy = average
cost of BC treatment per 1000 BC patients in CHs, Costycy = aver-
age cost of BC treatment per 1000 BC patients in NCHs,
RMSTcy = restricted mean survival time per 1000 BC patients in CHs
patient group, RMSTy\cH = restricted mean survival time per 1000 BC
patients in NCHs patient group.

2.5 | Sensitivity analyses

We performed several sensitivity analyses (SA) to evaluate the
robustness of our ICER results, specifically: discount rate varia-
tions (SA1: 0% and SA2: 5%), inclusion of all additional services in
certification cost (SA3), a probabilistic sensitivity analysis (PSA)
presented as a cost-effectiveness plane, and a cost-effectiveness
acceptability curve (CEAC).

3 | RESULTS

3.1 | Patient characteristics

Table 1 summarizes patient demographics, tumor characteristics, sur-
vival outcomes, and hospital metrics, stratified by DKG certification
status (certified: n = 91,269; non-certified: n = 52,451). Patients trea-
ted at CHs were slightly younger at diagnosis (mean age 65.5 years,
95% Cl: 63.6-67.4) compared to those at NCHs (mean age 67.1 years,
95% Cl: 65.2-69.0), with CHs treating a greater proportion of patients
aged 18-79 and NCHs treating more patients aged 80-+. CHs also
reported slightly higher rates of carcinoma in situ (8.7% vs. 7.1%) and
distant metastasis (13.4% vs. 11.6%).
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Hospital certification status

TABLE 1 Comparison of patient
demographics, tumor characteristics,

Attributes Yes (n = 91,269)

Patient demographics

Mean age at index treatment 65.5
Age 18-59 years (%) 334
Age 60-79 years (%) 51.1
Age 80+ years (%) 15.6

Tumor characteristics

Carcinoma in situ DO5 (%) 8.7

Malignant neoplasm of breast C50 (%) 91.3

Distant metastasis C78/C79 (%) 134

Secondary oncological disease (%) 16.3

Mean Elixhauser Comorbidity Index 6.21

5-Year survival and follow-up statistics

Mean follow-up time (in year) 3.5

Deaths/events (n) 15,158

Deaths/events (%) 16.6

KM model (unadjusted)

5-Year overall survival probability (%)
RMST (in year, CI)
Life-year gained (CI)®
RMST ratio (CI)?
Cox model (adjusted)
5-Year overall survival probability (%)
RMST (in year, Cl)
Life-year gained (CI)®

78.3

4.398 (4.389-4.408)
0.216 (0.200-0.233)
1.052 (1.048-1.056)

85.5
4.632 (4.622-4.642)
0.093 (0.082-0.104)

RMST ratio (CI)? 1.020 (1.018-1.023)
Hospital characteristics
Total number of hospitals 280
1-299 beds (%) 218
300-499 beds (%) 321
500-999 beds (%) 30.7
1000+ beds (%) 154
Total inpatient admissions 146,014
Average inpatient per center 521
Average reimbursement per inpatient 5544 (5532-5556)
(€, CI
Average length of hospital stay (days, 6.08 (6.06-6.09)
Cl)

survival outcomes, and hospital metrics
by hospital certification status.

No (n = 52,451)

67.1
30.2
49.6
20.2

71

92.9
11.6
15.9
6.37

3.2
12,031
22.9

71.9
4.182 (4.168-4.195)
Ref
Ref

82.0
4.539 (4.526-4.552)
Ref
Ref

730

64.5

242

101

11

83,900

115

5287 (5270-5304)

6.15(6.13-6.17)

Abbreviations: C78, secondary malignant neoplasm of respiratory and digestive organs; C79, secondary
malignant neoplasm of other and unspecified sites; Cl, 95% confidence intervals; KM, Kaplan-Meier;

RMST, restricted mean survival time.
2The NCHs group is the reference category.

A longer mean follow-up (3.5 vs. 3.2 years), a higher 5-year
survival rate (78.3% vs. 71.9%), and a lower percentage of deaths/
events (16.6% vs. 22.9%) were observed at CHs. Regarding hospi-
tal characteristics, CHs tended to be larger (500-999 beds: 30.7%,
1000+ beds: 15.4%), and slightly shorter hospital stays (6.08
vs. 6.15 days).

3.2 | Life-year gained in certified hospitals

Analysis of RMST revealed a statistically significant survival difference
between patients treated at CHs and NCHs. With the Kaplan-Meier
(KM) method, the mean RMST was 4.398 years (95% Cl: 4.389-
4.408) for CHs and 4.182 years (95% Cl: 4.168-4.195) for NCHs,
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FIGURE 2 Kaplan-Meier survival curves of breast cancer patients
in certified hospitals versus non-certified hospitals.

representing a gain of 0.216 life years on average (95% Cl: 0.200-
0.233) in CHs. The RMST ratio of 1.052 (95% ClI: 1.048-1.056) indi-
cated a 5.2% longer survival in CHs within the 5-year timeframe. The
survival graph for patients in CHs versus NCHs is presented in
Figure 2.

After adjusting for age group, metastasis, comorbidity, and hospi-
tal size using a Cox model, the significant difference in RMST per-
sisted. The adjusted RMST was 4.632 years (95% Cl: 4.622-4.642) in
CHs and 4.539 years (95% Cl: 4.526-4.552) in NCH. This corre-
sponded to a difference of 0.093 years (95% Cl: 0.082-0.104) and a
ratio of 1.02 (95% Cl: 1.018-1.023), demonstrating a 2% longer sur-
vival in CH. These results suggest a modest but significant survival
benefit associated with treatment at CHs, after accounting for poten-

tial confounders.

3.3 | Breast cancer care and treatment cost

Patient population, inpatient admissions, outpatient treatments, and
their associated costs from 2009 to 2017, stratified by hospital certifi-
cation status is presented in Table 2. During this 9-year period, CHs
treated 91,269 patients (63.5%) and NCHs treated 52,451 patients
(36.5%), for a total of 143,720 patients.

CHs managed a significantly larger proportion of inpatient admis-
sions (63.5%, 146,014 admissions) compared to NCHs (36.5%, 83,900
admissions), totaling 229,914 admissions. This disparity was reflected
in total inpatient treatment costs, with CHs accounting for
€809.5 million (64.6%) and NCHs €443.6 million (35.4%), resulting in a
cumulative cost of €1.25 billion. CHs exhibited a 4.9% increase in both
average cost per patient (€8869 vs. €8458) and average cost per
admission (€5544 vs. €5287) relative to NCHs. The higher patient and
admission volumes, coupled with the slightly elevated costs, suggest
potential variations in resource allocation and patient care strategies

between the two hospital types.

JOURNAL of CANCER

In term of outpatient treatment costs, CHs accounted for a total
of €51.47 million, while NCHs contributed €27.99 million, resulting in
a combined total of €79.46 million. In line with the approximately 5%
relative difference seen in other cost categories, the average outpa-
tient cost per patient was 5.6% higher in CHs (€564) than in
NCHs (€534).

The certification-attributable costs over the study period
amounted to €136.67 million for the CHs patient group, while no such
costs were reported for NCHs. The certification-attributable cost per
patient was €1497, highlighting the financial resources incurred for
CHs (see Table 2).

3.4 | Breast cancer medication cost

Analysis of drug consumption and associated costs revealed several
key findings reflecting BC medication within the cohort. Trastuzumab
stands out as the most costly medication overall, with expenditures of
€22,886,900 in CHs and €11,245,341 in NCH. While not as costly as
targeted drugs, anti-hormonal drugs show substantial utilization (num-
ber of issued medications) in both CHs and NCHs. Tamoxifen was the
most frequently issued medication in this category. Chemotherapeu-
tics show comparatively lower utilization and cost than targeted drugs
and anti-hormonal drugs.

Total medication costs for the cohort reached €134.4 million,
with CHs accounting for €86.7 million (64.5%) and NCHs contributing
€47.7 million (35.5%). While the overall average cost per patient was
€935, per-patient costs were slightly (4.4%) higher in CHs (€950) com-
pared to NCHs (€910). Detailed drug consumption data are presented
in Supporting Information S1: Appendix D.

3.5 |
patients

Incremental cost per 1000 breast cancer

Summary of mean cost per 1000 patients (Table 3) compares the
BC costs between CHs and NCHs across different categories,
alongside an incremental cost analysis. Certification costs, which
do not apply to NCHs, amount to €1.5 million in CHs. CHs demon-
strated higher costs compared to NCHs in all areas: inpatient
(€8.87 vs. €8.46 million), outpatient (€0.56 vs. €0.53 million), and
medication (€0.95 vs. €0.91 million).

The total healthcare cost per 1000 patients was €11.88 million in
CHs and €9.90 million in NCHs. This resulted in an incremental cost
of €1.98 million (95% Cl: €1.94 to €2.01 million), indicating a notable

cost difference between the two groups.
3.6 | Cost-effectiveness analysis: evaluating the
incremental cost per life-year gained

A comparative analysis for the total cost and life years of BC treat-

ment in CHs versus NCHs is presented in Table 4. BC treatment in
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TABLE 3 Comparison of cost categories between certified hospitals (CHs) and non-certified hospitals (NCHs) with incremental cost analysis.

Cost category Mean cost in CHs (€) (95% ClI) Mean cost in NCHs (€) (95% Cl) Incremental cost (€) (95% Cl)
Certification cost €1,496,957 (1,495,177-1,498,737) - €1,496,957 (1,495,177-1,498,737)
Inpatient cost €8869,430 (8,849,468-8,889,395) €8,457,730 (8,430,732-8,484,726) €411,700 (378,124-445,276)
Outpatient cost €563,930 (560,956-566,910) €533,630 (530,485-536,765) €30,300 (25,973-34,627)
Medication cost €949,680 (942,180-957,185) €909,820 (900,614-919,027) €39,860 (27,983-51,736)

Total cost €11,879,997 (11,858,390-11,901,604) €9,901,180 (9,872,484-9,929,876) €1,978,817 (1,942,896-2,014,737)

Note: Costs are presented in 2024 euros (€) (undiscounted) and represent the average cost per 1000 patients in each category. Certification costs apply
only to certified hospitals and do not apply to non-certified hospitals. Incremental cost was calculated as the difference between the mean costs of CHs
and NCHs. The sum of variances method was used to compute the standard error (SE) and 95% confidence intervals for both the total cost across cost

categories and the incremental cost between CHs and NCHs.
Abbreviation: Cl, confidence interval.

TABLE 4 Cost-effectiveness of breast cancer (BC) treatment in certified versus non-certified hospitals.

CH

Total net treatment Total survival
Analysis type cost (€) life years

Main analysis

Kaplan-Meier model (17 additional services)

Base: 3% discount rate €10,881,382 4084

SA1: 0% discount rate €11,879,997 4398

SA2: 5% discount rate €10,286,834 3891
Adjusted Cox model (17 additional services)

Base: 3% discount rate €10,881,382 4301

SA1: 0% discount rate €11,879,997 4632

SA2: 5% discount rate €10,286,834 4098

Sensitivity analysis: including all services

Kaplan-Meier model (25 additional services)

Base: 3% discount rate €11,710,047 4084

SA1: 0% discount rate €12,784,711 4398

SA2: 5% discount rate €11,070,222 3891
Adjusted Cox model (25 additional services)

3% discount rate €11,710,047 4301

SA1: 0% discount rate €12,784,711 4632

SA2: 5% discount rate €11,070,222 4098

NCH
Total net
treatment Total survival Incremental Incremental ICER
cost (€) life years cost LYG (€/LYG)
€9,068,901 3883 €1,812,481 201 €9036
€9,901,180 4182 €1,978,817 216 €9161
€8,573,386 3700 €1,713,448 191 €8965
€9,068,901 4215 €1,812,481 86 €20,987
€9,901,180 4539 €1,978,817 93 €21,343
€8,573,386 4016 €1,713,448 82 €20,823
9,068,901 3883 €2,641,146 201 €13,168
€9,901,180 4182 €2,883,530 216 €13,350
€8,573,386 3700 €2,496,836 191 €13,065
€9,068,901 4215 €2,641,146 86 €30,583
€9,901,180 4539 €2,883,530 93 €31,100
€8,573,386 4016 €2,496,836 82 €30,343

Note: Results are based on a cohort of 1000 BC patients. Total net treatment costs are in euros. Sensitivity analyses used 0% (SA1) and 5% (SA2) discount
rates on both cost and benefit. The adjusted model used the Cox proportional hazards model in survival analysis, adjusting for age group, metastasis, and

hospital size to obtain new estimates of adjusted for each group.

Abbreviations: CHs, certified hospitals; ICER, incremental cost-effectiveness ratio (€ per life-year gained); LYG, life-years gained; NCHs, non-certified

hospitals; SA, sensitivity analysis.

CHs had higher costs but better survival outcomes. The ICER was
derived using Equation (2).

In the KM model analysis with a 3% discount rate, BC treatment
in CHs cost €10.88 M versus €9.07 M in NCH, with 4084 versus
3883 life years, yielding an ICER of €9036 per LYG. SA (0% and 5%
discount) showed ICERs of €9161 and €8965.

After adjusting for age group, metastasis, comorbidity, and hospi-
tal size using a Cox model, ICERs increased significantly (€20,987),
indicating higher costs per survival year when adjustments were

applied. At 0% and 5% discount rates, adjusted ICERs result in
€21,343 and €20,823, respectively (see Table 4).

3.6.1 | Sensitivity analyses
The main analysis calculated certification costs by including only addi-

tional services directly impacting patient survival. A third sensitivity

analysis (SA3) was included to evaluate the impact of including all
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25 additional services in DKG certification. This led to a total cost
increase in the CHs arm and a slight rise in the ICER, assessing the
robustness of our results to broader cost considerations. In the KM
analysis of SA3, the ICERs were €13,350 (0% discount rate), €13,168
(3%), and €13,065 (5%). In the adjusted Cox model, the ICERs were
€31,100 (0%), €30,583 (3%), and €30,343 (5%), respectively (see
Table 4).

For further SA of the cost-effectiveness results, including proba-
bilistic sensitivity analyses (PSA) and the probability of cost-
effectiveness at varying WTP thresholds, please refer to Supporting
Information S1: Appendixes F-H.

4 | DISCUSSION

To the best of our knowledge, this is the first study to evaluate the
cost-effectiveness of BC treatment in CHs in Germany. Our study
assessed the direct treatment costs and LYG for BC treatment in CHs
versus NCH. Despite a significant cost burden of obtaining and main-
taining certification, we found that BC treatment in CHs, with only a
modest increase in cost, provided substantial additional clinical bene-
fits of 201 life years per 1000 BC patients over a 5 years survival
period.

The rising healthcare expenditures, particularly the novel cancer
therapies, are placing a significant strain on health systems. However,
research on BC treatment costs in Germany remains limited. Gruber
et al. (2012), using 1999 claims data adjusted to 2010 values, esti-
mated average annual BC costs between €6000 and €10,000 per
woman, with higher costs for younger patients.?? Kreis et al. reported
age-standardized, phase-specific inpatient costs based on 2011-2014
claims data, including €4982 for initial care (11 months), €482 annually
for intermediate care, and €15,488 for terminal care (11 months).>
Above studies considered all costs in the claim data including (reme-
dies/aids, rehabilitation, sick leave, and travel, etc.), which our study
did not. Similar total BC cost estimates were obtained by Khan et al.

(2023) using a decision modeling approach.?*

A systematic review by
Franklin et al.* identified a wide range of annual BC treatment costs in
Europe (€151-€29,753). Direct comparison with other studies is diffi-
cult due to methodological variations and different cost categories
considered. Healthcare system differences, health technology assess-
ment processes, pricing, and national policies contribute to this varia-
tion, making direct cross-country cost comparisons difficult.

Cheng et al. analyzed on cost-effectiveness of colon cancer treat-
ment in CHs versus NCHs and demonstrated that CHs provide more
cost-effective care in the colon cancer entity.*® The study concluded
that the financial investments associated with certification are out-
weighed by the improved survival of patients, meaning that treating
colon cancer patients in CHs not only enhances prognosis but does so
without adding a financial burden to the healthcare system. Although
our study did not find such a cost-saving outcome, we found that BC
treatment in CHs had an ICER ranging from €9036 to €20,987 per
LYG. This difference might stem from variations in cost structures,

clinical procedures across different disease entities, and differences in

costing methodologies. But both studies have consensus on the fact
that cancer treatment in CHs results in substantial LYG with modest
cost or cost savings.

Notably, service providers incurred a considerable cost in
obtaining and maintaining DKG certification. Certification costs
accounted for 13% (1.5 million euros) of the total treatment cost
(11.9 million euros) per 1000 patients in the CHs group. Maintain-
ing certification required continuous investment in quality
improvement, staff education, and resource allocation. While these
costs represented a financial investment for healthcare institu-
tions, they could lead to improved patient care and clinical out-
comes, as increased life years gained, potentially offsetting the
initial expenditure.?® Larger hospitals were more likely to have
advanced imaging technology readily available and to offer com-
plex cancer treatments more frequently.*®> Given the situation that
larger hospitals were more prevalent in the certified hospital
group, we adjusted our RMST estimates for age, metastasis status,
comorbidities, and hospital size to reduce potential confounding
from these structural differences. This adjustment slightly reduced
the estimated LYG associated with treatment in CH, but the signif-
icant clinical benefit remained.

Treatment in CHs, which adhered to established quality stan-
dards and guidelines while employing a multidisciplinary approach,
was associated with significant clinical benefits—measured in this
study as LYG per 1000 patients. This outcome could be affected
by variations in tumor characteristics between patient groups. For
instance, tumor type, stage, hormone receptor status, proliferation
rate, and HER2 status could differ between patients treated in
CHs and NCHs. However, our insurance claims data lacked the
detailed clinical information necessary to adjust for these potential
differences. Using the same patient sample as our study, Schoffer
et al. (from the WiZen study) linked data with the cancer registry
and found no significant differences in clinical characteristics
between patients treated in certified and NCHs.*2 Using a Cox
regression model with shared frailty to adjust for potential con-
founders, Schoffer et al. reported hazard ratios and concluded that
initial treatment in CHs was associated with a statistically signifi-
cant lower hazard ratio. This supported existing evidence of
improved OS for BC patients in CHs. These findings are consistent
with the results of our research.

Regarding BC care and treatment costs, several factors influence
cost parameters. Early diagnosis and treatment can mitigate the over-
all economic burden by reducing the need for intensive care in later
stages; approximately 90% of women diagnosed early survive at least
5 years, compared to just 15% for those diagnosed late stage.?
Advanced-stage BC incurs significantly higher costs due to increased
medical interventions, including palliative and end-of-life care.?® Con-
sequently, BC-related costs typically follow a U-shaped pattern, peak-
ing at diagnosis and near death, with lower costs in between.?® A
study by Gruber et al. also observed an age-dependent trend, finding
that attributable BC costs declined with age, possibly because older
patients with more comorbidities are often diagnosed at a higher

stage and may shift focus to less costly palliative care rather than
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t.22 This suggests younger patients often undergo

curative treatmen
more intensive treatment.

Our study employed a bottom-up costing approach by converting
reimbursement amounts from billing codes, with inpatient admis-
sion costs reflecting the DRGs assigned. With higher per-patient
cost in CHs, which indirectly suggests that CHs generally handle
more expensive treatments. While we used the national average
DRG rates, actual reimbursements can vary depending on a hospi-
tal's case mix index and performance-based payments. Larger and
university hospitals typically had higher overhead costs and might
receive adjusted base rates to account for specialized services and
teaching responsibilities. However in the long run, larger hospitals
with certifications for multiple cancer types could achieve greater
efficiency as other disease entities can share the fix cost incurred
by the certification process.'®> Enhanced economic efficiency is
achieved by minimizing redundant examinations, organized inter-
organ resources, and centralizing purchasing (e.g., of pharmaceuti-
cals). This is economies of scale, a well-established economic prin-
ciple.?” Additionally, slight regional variations in base rates might
exist due to differences in costs and other regional factors.
Although the National Cancer Plan recommends receiving cancer
treatment in certified facilities, over 40% of cancer patients in

Germany still begin their treatment in NCHs.'*

4.1 | Strengths and limitations

One of the key strengths of this study is that it is the first health eco-
nomic analysis comparing BC treatment in certified versus NCHs in
Germany. A large dataset of 143,720 insurance claims from over
1000 hospitals tracked over a 9 years' period allowed for a detailed
analysis of direct cost variables, reflecting real-world expenditures.
Unlike traditional clinical trials, this real-world data (RWD) analysis
incorporates information from routine healthcare settings, enhancing
the study's external validity and making the findings more generaliz-
able to broader patient populations.

Another major strength lies in the detailed breakdown of health-
care costs, covering inpatient, outpatient, and pharmaceutical expen-
ditures. Billing and reimbursement systems follow standardized
coding schemes (e.g., ICD, OPS, DRG, EBM, ATC, and PZN), making it
easier to compare data across hospitals and regions. This granular
approach is not achievable through conventional top-down costing
methods, making our findings particularly robust and informative for
healthcare decision-making.

Moreover, administrative data reflects actual healthcare utiliza-
tion, costs, and treatment patterns rather than controlled clinical set-
tings, as it captures all billed services, including hospital stays,
outpatient visits, procedures, and medication used. It includes BC
patients within a representative insurance system; it minimizes selec-
tion bias compared to voluntary study participation.

However, several limitations must be acknowledged. First, OS
was used as the primary outcome measure. Unlike relative survival,
OS does not differentiate between cancer-related and non-

JOURNAL of CANCER

cancer-related deaths. While this reduces potential misclassification
bias, it also limits insights into disease-specific survival. It reflects the
combined impact of various treatment strategies, including surgery,
chemotherapy, radiotherapy, and supportive care, making it a useful
but broad measure of treatment effectiveness. We also acknowledge
that claims data do not allow adjustment for key clinical variables such
as tumor stage, receptor status, and genomic markers that are estab-
lished predictors of BC outcomes. However, Schoffer et al., using
linked cancer registry data, demonstrated that the compared cohorts
were clinically similar.*? Although residual confounding cannot be
entirely ruled out, the observed comparability in cancer-registry char-
acteristics proven in that study reduces the likelihood that unmea-
sured differences in tumor biology would substantially bias our
survival estimates.

Secondly, patient transfers between hospitals could not be fully
accounted for. Some patients initially treated in NCHs may have later
received intensive care in CHs, but our analysis categorized patients
based on their index treatment. This limitation may introduce slight
bias in the estimated effectiveness of certification.

Third, our analysis excludes indirect costs (e.g., productivity
losses, informal caregiving), meaning it does not capture the full eco-
nomic burden of BC. Including these societal costs would likely
change the relative cost differences associated with certification.
Additionally, while NCHs may incur costs for services similar to certifi-
cation requirements in CHs, these were not included due to a lack of
literature. Factoring these potential costs into the non-certified arm
would likely decrease the ICER and improve the cost-effectiveness
profile for CHs.

Finally, the observational nature of this study and the com-
plexity of hospital certification limit causal inference. Quantifying
the costs associated with the multifaceted institutional interven-
tions of DKG certification is challenging. The Prognos AG report is
the only cost reference available on this topic. Our reliance on
administrative data from SHI in a non-randomized cohort design
prevents definitive causal conclusions. While our sample from
AOK SHI may not be fully generalizable to the entire German pop-
ulation (e.g., those with private insurance or in different regions),
its relatively large size suggests our estimates are likely represen-

tative at the population level.

5 | CONCLUSION

Our cost-effectiveness analysis reveals that CHs provide substantial
clinical benefits for BC patients with a modest incremental cost. With
an ICER of €9036 per LYG, the marginal increase in healthcare expen-
diture associated with certification is justified by the significant sur-
vival improvements observed compared to NCHs. Our study provides
compelling evidence for the economic value of DKG certification in
BC care. These findings highlight the importance of certification
in ensuring high-quality, guideline-adherent cancer care while also
informing healthcare policymakers and insurers about the financial

implications of certification. While our results support the continued
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investment in cancer center certification, further research is needed
to explore its cost-effectiveness across other cancer types and health-

care settings.
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