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Zusammenfassung
Hintergrund: In den vergangenen Jahren wurde die Etablie-
rung von zertifizierten Brustzentren vorangetrieben, um 
eine standardisierte und qualitätsgesicherte Versorgung 
von Patientinnen mit einem Mammakarzinom zu gewähr-
leisten. Die vorliegende Arbeit untersucht, ob Patientinnen 
mit einer Behandlung in einem zertifizierten Brustzentrum 
eine unterschiedliche Prognose im Vergleich zur Versor-
gung außerhalb zertifizierter Strukturen aufweisen. Patien-
ten und Methoden: Die Daten von 3940 Patientinnen mit 
einem primären, nicht metastasierten Mammakarzinom des 
klinischen Krebsregisters Mittelfrankens wurden in Bezug 
auf anamnestische Faktoren, Tumorcharakteristika und Er-
gebnisqualität untersucht und mit der Versorgung in und 
außerhalb zertifizierter Brustzentren korreliert. Ergebnisse: 
Patientinnen im zertifizierten Brustzentrum waren jünger 
und hatten ein niedrigeres Tumorstadium und Grading.  
Unabhängig dieser Variablen hatte die Versorgung durch 
zertifizierte Brustzentren in einem adjustierten Cox-Modell 
einen signifikanten positiven Einfluss auf das Gesamtüber-
leben [Hazard Ratio 0,70 (95% Konfidenzintervall 0,52–
0,93)]. Schlussfolgerungen: Die Versorgung in einem zertifi-
zierten Brustzentrum zeigt unabhängig von den klassischen 
Prognosefaktoren eine Verbesserung der Prognose von 
Mammakarzinompatientinnen. Dieses könnte durch die 
qualitätsgesicherten Versorgung basierend auf dem Zertifi-
zierungsprozess erklärt werden.
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Summary
Background: Increasing effort has been put in the imple-
mentation and certification of breast centers in order to  
establish standardized, quality assured health care for 
breast cancer patients. The aim of this analysis was to in-
vestigate whether patients treated in certified breast centers 
(CBC) have a favorable prognosis as compared to patients 
treated outside of certified breast treatment units. Patients 
and Methods: The data of 3,940 patients with invasive non-
metastatic breast cancer were analyzed with regard to dif-
ferences in patient and tumor characteristics and crude 
overall survival according to diagnosis in or outside CBC in 
Middle Franconia, Germany. Patient, tumor, and follow-up 
data were obtained from the clinical cancer registry.  
Results: Patients in CBC were younger, and had lower dis-
ease stages and lower grading. Independent of the effects 
of these variables on overall survival, being treated at a CBC 
added to the prediction of overall survival. Patients treated 
at a CBC had a hazard ratio of 0.70 (95% confidence interval 
0.52–0.93) in the adjusted Cox model. Conclusions: Indepen-
dent from common prognostic factors, diagnosis and treat-
ment of breast cancer at a CBC improves the prognosis of 
patients. It can be hypothesized that this effect is mediated 
through quality assured health care provided by the certifi-
cation process.

*These authors contributed equally to this manuscript.
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Introduction

The reduction of recurrence rates and the improvement of 
quality of life are the main aims for any cancer therapy. To 
reach this goal, the efforts of the last decades did not only  
aim at the improvement of therapy modalities but also at the 
improvement of the delivery of health care. The implementa-
tion of therapeutic or diagnostic improvements is dependent 
on the acceptance of clinical trial results by the scientific com-
munity and the regulations of responsible authorities. The  
implementation of quality assured health care according to 
current therapy standards however seems to be a more com-
plex task and has only recently, over the last decade, found its 
way into the focus of research, politics, health care providers, 
and patients.

For breast cancer treatment it has been shown that even 
after the publication of nationwide guidelines or international 
therapy recommendations [1–5], the implementation of and 
adherence to quality assured patient healthcare following 
these guidelines and recommendations might be unsatisfac-
tory. It is reported that more than 40% of all patients might 
not be treated according to guidelines [6] and up to 70% of 
breast cancer patients do not get sufficient follow-up care 
after a diagnosis of breast cancer [7]. The reasons for this lack 
of guideline adherence are complex and mostly unexplored. 
Influencing factors might include the provision of a sufficient 
medical infrastructure, sufficiently educated physicians and 
patients, a functional network of hospitals with the surround-
ing screening programs and practicing physicians, and the  
organization of a breast center with standardized diagnostic 
and therapeutic pathways for breast cancer patients, including 
a comprehensive interdisciplinary communication between 
radiologists, surgeons, oncologists, and pathologists.

In Germany, the quality controlled health care for breast 
cancer patients has been implemented on several, partially in-
dependent, levels. Since 2003, the German Cancer Society 
(Deutsche Krebsgesellschaft e.V.) together with the German 
Society for Mastology (Deutsche Gesellschaft für Senologie 
e.V.) have established a multistep certification process for 
breast centers with the on site audition of breast centers and 
the mandatory data collection and analysis on several quality 
markers and actual follow-up and survival data for each 
breast cancer patient. This certification process is thought to 
control the correct implementation of national guidelines and 
international treatment recommendations as well as safe-
guarding the correct documentation of these processes. Fed-
eral and state authorities additionally request original data on 
the treatment of patients with breast diseases [8]. Further-
more, some of the breast centers have taken part in the volun-
tary certification by the European Society for Mastology 
(EUSOMA) [9, 10].

Since 2009, it is assumed that about 77% of all breast can-
cer patients are treated in breast centers certified by the Ger-
man Cancer Society [11]. The development and maintenance 

of these structures are costly and time intensive, albeit no  
reimbursement for these costs is provided. Up to now, there is 
very little proof that the efforts truly result in an improved 
survival or quality of life for breast cancer patients. A reason-
able amount of data has been accumulated on the quality  
indicators that must be interpreted as surrogate markers for 
the ultimate aims of survival and quality of life [12]. Some of 
the quality indicators have been linked to improved survival 
such as the number of breast cancer cases treated per hospital 
(reviewed by Scharl and Gohring [13]). It is thought that a 
higher number of treated patients leads to better survival due 
to superior organization and training of health care profes-
sionals. Others studies report improved survival for patients 
who are treated according to guidelines as compared to those 
who are not [6, 14, 15]. Based on these facts, it could be hy-
pothesized that patients who are treated in certified breast 
centers (CBC) might have a better prognosis than patients 
who are not. The aim of this study was therefore to test this 
hypothesis in a defined region of Northern Bavaria (‘Middle 
Franconia’), Germany. Hospitals in this area are provided 
with a public clinical cancer registry regardless of whether 
they are CBC or not.

Patients and Methods

Patient Selection
Patients with a diagnosis of invasive breast cancer, who were diagnosed 
between June 2004 and March 2008 and who were registered and docu-
mented in the clinical cancer registry for the region of Middle Franconia, 
were included in this analysis. Cancer registration in Bavaria is based on a 
state law which combines voluntary reporting of cancer cases to the regis-
try by physicians, dentists and pathologists, compulsory information of 
patients about their individual registration, and the right of patients to 
revoke their individual registration at any time. It is anticipated that with 
regard to breast cancer more than 95% of all breast cancer cases are re-
ported to the cancer registry for Middle Franconia [16]. Breast cancer 
cases are reported by CBC as well as non-certified units.

Inclusion requirements for patients for this analysis were: age 18 years 
or older and diagnosis of invasive breast cancer, no distant metastatic  
disease, and no prior breast cancer diagnosis. A set requirement for the 
CBC was the provision of a mean follow-up of at least 1 year. Three 
breast centers in the region fulfilled these requirements at the timepoint 
of the analysis. Additionally, 18 hospitals and practices reported and 
treated breast cancer patients at the same time as well. Patients were  
classified into the 2 categories: primary diagnosis and treatment in a CBC 
vs. diagnosis or treatment outside of a CBC. A total of 3,940 breast cancer 
patients were registered in the cancer registry, 1,988 of whom were 
treated in the 3 CBCs and 1,952 in non-certified breast units. 

Patient and Tumor Characteristics and Follow-Up
Patient and tumor characteristics were assessed by reporting breast units 
and were not centrally reviewed. Data included in this report are age at 
diagnosis, tumor size categorized into the 4 categories according to the 
UICC classification (pT) [17], nodal status, and grading. Follow-up data 
were provided by the treating breast units and participating physicians in 
Middle Franconia. Additionally, life status was obtained systematically on 
an annual basis from the local authorities (including the death registry) 
up to March 2008, after which the database was closed for this analysis. 
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tumor smaller than 2 cm (n = 2,002), were node-negative 
(63.7%; n = 2,429), and had grade 2 or 3 tumors (42.6 and 
50.2%, respectively). 

Comparing patient and tumor characteristics between the 
CBC patients and the non-CBC patients, there were statisti-
cally significant differences concerning age, tumor size classi-
fication, and grading. The differences however did not seem 
to be substantial. Patients treated in CBC showed a pT1 
tumor in 56% of the cases as compared to 48% in the group of 
non-CBC patients (p < 0.00001); they were on average  
2 years younger (60.6 vs. 62.9 years; p < 0.00001) and had  
a higher grading as assessed by the local pathologist  
(p < 0.00001). Nodal status did not differ significantly between 
the 2 groups. Median follow-up time in the cohort of CBC pa-
tients was 1.5 years compared to 1.9 years in the  
cohort of non-CBC patients.

For the assessment of the effect on crude overall survival, a 
Cox PH model was built with stepwise reverse variable selec-
tion (table 2). All above mentioned parameters except for 
grading remained in the final model, revealing their ability to 
independently contribute to the prediction of crude overall 
survival. Tumor size classification showed an increasing risk 
of death with larger tumor size. Patients with a pT2, pT3 or 
pT4 tumor had a HR of 1.46 (95% confidence interval (CI) 
1.05–2.03), 2.63 (95% CI 1.56–4.42), and 2.94 (95% CI 1.87–
4.63), respectively. Patients with involved lymph nodes 
showed a HR of 1.82 (95% CI 1.35–2.45) compared to pa-
tients with no involved axillary nodes. Finally in this adjusted 
Cox PH model, the status of whether a patient was treated in 
a CBC had additional value to predict overall survival. Pa-
tients treated in a CBC had a HR for overall survival of 0.70 
(95% CI 0.52–0.93; p = 0.01). An alternative Cox PH model 
that did not include clinical parameters as adjustment vari-
ables but as strata, confirmed this result with a HR of 0.69 
(95% CI 0.51–0.92; p = 0.01). The final model did not include 
any interactions with CBC status, i.e. the HR for CBC status 
holds for all analyzed patient characteristics. Since the PH as-
sumptions are fulfilled (i.e. low correlations of Schoenfeld re-
siduals and time), the HRs are indeed valid throughout the 

Only crude overall survival was available for all breast cancer patients 
regardless of whether they had been treated in a CBC or not.

Statistical Methods
Data are presented as means ± standard deviation (SD) or as frequencies 
and percentages, unless otherwise noted. Descriptive statistics are pro-
vided for the most important clinical parameters including patients’ age 
at diagnosis, tumor size classification (pT1–4), nodal status (positive or 
negative), and grading. Patients were classified according to ‘diagnosed 
and treated in a CBC (CBC patients)’ vs. ‘diagnosed or treated outside  
of a CBC (non-CBC patients)’. The characteristics of CBC patients  
and non-CBC patients were compared using appropriate two-sample  
statistical tests. Student’s t-test was used for continuous characteristics 
(age), the chi-square test for categorical characteristics (nodal status), 
and the Wilcoxon rank-sum test for ordinal categorical characteristics 
(pT and grading).

The main aim was the crude overall survival analysis. The survival 
time of a patient ranged from the date of diagnosis to either the patient’s 
death or the date of censoring. For patients who were alive at the end of 
the observation period, survival time is censored at this time. For patients 
whose life status is unknown at the end of the observation period,  
survival time is censored at the time of the last known follow-up. Cox 
proportional hazards (PH) models were used to analyze overall survival. 
The full Cox PH model contained CBC status and the prognostic factors 
age, tumor size classification, nodal status and grading, and for each  
of these prognostic factors, the interaction with CBC status. Backward 
stepwise variable selection was carried out to obtain the best prognostic 
model (the final model) with respect to the Akaike information criterion.  
Hazard ratios (HR) for this final model are provided. The clinical  
parameters were included into the model to ensure that a possible influ-
ence of the factor CBC patients vs. non-CBC patients cannot be ex-
plained by these variables. The PH assumptions were checked by tests 
which correlate scaled Schoenfeld residuals with a suitable transforma-
tion of time. All of the tests were two-sided, and a p value < 0.05 was  
regarded as statistically significant. Calculations were carried out using 
the R system for statistical computing (version 2.11.1; R Development 
Core Team, Vienna, Austria, 2010).

Results

A total of 3,940 patients from 21 treatment units (3 CBC and 
18 non-CBC) were included in this study. Patients were 61.8 
(± 13.2) years of age and showed typical breast cancer charac-
teristics (table 1). Most of the patients (52.0%) showed a 

Table 1. Patient characteristics

All patients CBC patients  Non-CBC patients p

Mean age, years (SD) 61.8 (± 13.2) 60.6 (± 12.6)  62.9 (± 13.7) < 0.00001 
pT, n (%)

pT1 2,002 (52.0) 1,094 (55.6)  908 (48.1) < 0.00001 
pT2 1,509 (39.2) 733 (37.3)  776 (41.1)
pT3 150 (3.9) 68 (3.5)  82 (4.3)
pT4 192 (5.0) 71 (3.6)  121 (6.4)

pN, n (%)
Negative 2,429 (63.7) 1,258 (63.9)  1,171 (63.4) 0.79 
Positive 1,387 (36.3) 712 (36.1)  675 (36.6)

Grading, n (%)
1 285 (7.2) 199 (10.0)  86 (4.4) < 0.00001 
2 1,678 (42.6) 955 (48.0)  723 (37.0)
3 1,977 (50.2) 834 (42.0)  1,143 (58.6)

CBC = Certified breast center; SD = standard deviation; pT = UICC tumor size classification; pN = axillary lymph node status.
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follow-up time. The final model with additional predictor 
grading, which had turned out to be non-significant during the 
variable selection process, yields similar results (data not 
shown). Kaplan Meier curves for the comparison between 
CBC and non-CBC patients are provided in figure 1. 

Discussion

We were able to show that the information of whether a 
breast cancer patient had been diagnosed and treated in  
a CBC as opposed to a non-certified unit contributed to the 
prediction of crude overall survival as an independent prog-

Table 2. Final Cox proportional hazards model for crude overall survival 
(pT: tumor size classification according to UICC, pN: axillary lymph 
node status, HR: hazard ratio, CI: confidence interval; CBC: Certified 
Breast Center)

HR 95% CI p

CBC patient 
No 1.00
Yes 0.70 (0.52–0.93) 0.01

Age, years
 50 1.00

51–62 1.07 (0.60–1.91) 0.82
63–70 1.88 (1.14–3.08) 0.01

 71 4.91 (3.12–7.74) < 0.00001
pT

pT1 1.00
pT2 1.46 (1.05–2.03) 0.02
pT3 2.63 (1.56–4.42) < 0.001
pT4 2.94 (1.87–4.63) < 0.00001

pN
Negative 1.00
Positive 1.82 (1.35–2.45) < 0.0001

HR = Hazard ratio; CI = confidence interval; CBC = certified breast 
center; pT = UICC tumor size classification; pN = axillary lymph node 
status.

Fig. 1. Kaplan Meier 
curves for the factor 
certified breast center 
(CBC) patients vs. 
non-CBC patients 
(adjusted hazard 
ratio: non-CBC pa-
tients: 1 (reference), 
CBC patients: 0.70 
(95% confidence  
interval 0.52–0.93)).

nostic factor when adjusting for common prognostic factors 
such as age, tumor size, nodal status, and grading. Our data 
show an effect that was desired when guidelines and the certi-
fication process and control of quality assured health care for 
breast cancer patients were implemented in Germany. There 
are some studies from Germany that do not compare patients 
within CBC with those treated outside CBC, but which access 
detailed information about the diagnosis and treatment of 
breast cancer in a cohort of patients and classify the patients 
as having or not having been treated according to therapy 
guidelines. Patients who have been treated completely ac-
cording to therapy guidelines did show the best overall and 
recurrence-free survival, whereas patients who have not been 
treated according to guidelines had a higher risk for death 
(HR = 2.6; 95% CI 2.0–3.4) and recurrence (HR = 2.2; 95% 
CI 1.7–2.8) [6, 14]. Another study from Korea likewise found 
that compliance with consensus recommendations was signifi-
cantly associated with better survival [18]. For other cancers 
such as colorectal cancer and lung cancer a correlation be-
tween compliance with cancer care standards and prognosis 
could be shown as well [19, 20].

Limitations
A similar discussion exists about the effect of the participation 
in clinical trials on prognosis, providing insight into the limita-
tions concerning the general interpretation of our results. 
There are meta-analyses and structural reviews reporting on 
improved outcome of patients within clinical trials vs. those 
who had not been treated in clinical trials [21–23]. These  
results even lead to the recommendation that CBC should 
treat more than 20% of their patients in clinical trials. How-
ever, other reports did not conclude that enrolment in clinical 
trials leads to improved outcomes in cancer patients [24].  
The discussion of these results includes possible explanations 
for the effect seen in our study and also other studies that  
reported on an improved outcome through guideline adher-
ence. Table 3 summarizes these effects. The desired effect 
would be a systematic treatment effect that results in better 
quality of breast cancer patient care, mediated through more 
accurate surgery, and higher percentages of correctly treated 
patients with regard to radiation and systemic therapy. We 
cannot compare these figures for our study, because non-CBC 
breast units usually do not document these features.

Furthermore, there could be an incidental treatment effect 
that cannot be specified at this point and is purely due to 
chance. In observational studies, an effect has been described 
which is referred to as the Hawthorne effect [25], whereby pa-
tients who take part in observational studies could start to 
show a different behavioral pattern. Similarly, patients treated 
in breast centers could start to show altered behavior. Actu-
ally, it has already been reported that patients who attend 
CBC have an a priori better status of information about 
breast cancer and have different expectations concerning the 
quality of care [26].
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In addition to these more behavioral effects, there could be 
simple bias effects that could have an influence on the differ-
ent survival seen in the 2 groups. A general selection bias is 
unlikely, because all breast cancer patients in a certain area 
(population-based) have been included in this analysis. How-
ever, it could be hypothesized that patients with more ad-
vanced disease could more likely be referred to a CBC. This 
effect would lead to a group of patients that have a more un-
favorable prognosis in CBC and thus support the interpreta-
tion that patients in breast centers receive better therapy. 
However, the tumor size of the CBC patients in our study was 
smaller and the grading more favorable. A detection bias, i.e. 
differences in the methodology of the assessment of outcome 
measures, could have had an influence in our study. Follow-
up information is provided by the breast cancer treating units, 
and CBC have to report outcome, whereas non-CBC do not 
have to provide these data during an audit. Therefore, there 
could be a difference in the standards of measurement of  
survival as an outcome variable. 

Apart from the above discussed limitations, a point of criti-
cism could be that only information on age, tumor size, nodal 
status, and grading have been included in our adjusted Cox 
regression analyses. Other validated and generally accepted 
prognostic factors (hormone receptor status, HER2/neu  
status) were not included. Particularly treatment information 
was not available for our analysis. 

In summary, we were able to show that the information 
about diagnosis and treatment taking place in a CBC contrib-
uted to the prediction of overall survival as an independent 
prognostic factor in addition to the variables tumor size, age, 
grading, and nodal status. It can be hypothesized that this  
effect might be the result of quality assured health care, im-
plemented and controlled by the certification process. How 
this improvement is effectively mediated, is a matter of specu-
lation. The likely explanation is the adherence to a guideline-
conform therapy and follow-up care. However, the limitation 
of our study design warrant further investigation of this find-
ing in order to exclude behavioral and bias effects.
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Denomination Description
Systematic treatment effect altered balance of main treatments of differing efficacy  

(CBC vs. non-CBC patients)
Incidental treatment effect differences in incidental aspects of treatment or care; effect is 

purely due to chance (CBC vs. non-CBC patients)
Hawthorne analogue effect changes in patients’ or clinicians’ behavior (other than assumed 

by chance) due to being in a CBC, other than expected aspects 
(CBC vs. non-CBC patients / CBC vs. non-CBC physicians)

Detection bias different standards in the measurement of outcome concerning 
the study aim

CBC = Certified breast center.
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