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Key statement  

Research question 
The aim of this investigation is to 

present and assess any correlation between the volume of services (VoS) and the quality of the 
treatment outcome in the surgical treatment of primary mammary carcinoma (research question 
1) and 

present studies which investigate the effects of a minimum number of cases introduced into the 
healthcare system on the quality of the treatment outcome in the surgical treatment of primary 
mammary carcinoma (research question 2). 

If this process reveals data on a correlation between VoS and quality of treatment outcome in 
palliative surgery, they will be presented as supplementary information. 

Conclusion 
For the investigation of any correlation between VoS and treatment quality in the surgical 
treatment of breast cancer, a total of 10 studies were included. One of the 10 included studies 
was assessed as having a high informative value of results. 

For the outcome of all-cause mortality, based on a high informative value of results, a 
correlation between both hospital and doctor VoS and treatment quality was derived. Hence, a 
higher VoS is associated with lower mortality rates. For other mortality outcomes (breast cancer 
mortality and other-cause mortality), based on a low informative value of results, a correlation 
was found either only on the hospital level or only on the doctor level. Again, the results showed 
lower mortality for these levels. 

With respect to performing a reoperation, based on a low informative value of results, it was 
possible to derive a correlation between both doctor and hospital VoS and treatment quality. At 
the hospital level, a correlation between VoS and treatment quality was apparent even in 
comparison with the intermediate VoS category. The results show lower reoperation rates in 
higher VoS categories. 

No studies of meaningful interpretive value were found which investigated any correlation 
between VoS and treatment quality reflected by other outcomes, such as adverse effects of 
therapy, local recurrence, disease-free survival, or health-related quality of life. Further, it was 
not possible to include studies of meaningful interpretive value investigating any effects of 
specifically introduced minimum case numbers. 
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1 Background 

Correlation between volume of services and quality of treatment outcome 
As early as in 1979, Luft et al. examined any correlation between volume of services (VoS) and 
quality of treatment outcome for 12 surgical procedures of different levels of complexity [1]. 
Their investigations showed that, for complex surgical procedures, there is a correlation 
between hospital VoS and the quality of treatment outcome. In the following years, various 
studies showed a similar correlation for many medical services in different healthcare systems, 
with the VoS being investigated per hospital and per doctor [2-5]. 

The legal mandate of the Federal Joint Committee (G-BA) regarding minimum volume rules 
[6] is based upon the idea that there is a concrete connection between the probability of 
treatment success and the experience of the parties principally involved in rendering the service 
[6]. As part of quality assurance of registered hospitals, the G-BA therefore defines a catalogue 
of plannable services for which the quality of the treatment outcomes is dependent on the VoS 
provided. This dependency is to be assessed on the basis of appropriate studies [7]. In December 
2003, the G-BA for the first time set forth minimum volumes which are binding in Germany in 
accordance with §137 (3), Sentence 1, No. 2 Social Code Book (SGB) V. 

These minimum volume rules are binding for hospitals registered in accordance with §108 
SGB V and specify in which cases a hospital may render the services for which minimum 
volumes have been set forth [8]. Hospitals may render the services in question only if the 
hospital owner annually declares vis-à-vis the state associations of the statutory health insurers 
that the specified minimum volume will be met in the next year as well [8]. However, some 
exceptions apply. For instance, minimum volumes generally do not apply in case of emergency. 
The state authorities responsible for hospital planning can define exceptions for services where 
the implementation of minimum volume rules may jeopardize state-wide service provision to 
the population. 

No binding minimum volumes are currently in place for surgical procedures performed to treat 
breast cancer [8]. However, the German Cancer Society (DKG) demands minimum case 
numbers as part of its breast centre certification system. Certification as a breast centre requires 
at least 100 primary cases per centre and 50 breast cancer surgeries per surgeon per year [9]. In 
2018, 280 sites were certified as breast centres, and 55 715 primary cases were treated there 
[10]. 

Breast cancer 
At 69 220 new cases per year, breast cancer is the most common cancer among women in 
Germany [11]. In rare cases, men can develop breast cancer as well. The German Centre for 
Cancer Registry Data at the Robert Koch Institute (RKI) recorded 650 new cases in men in 
2014. The 10-year relative survival rate in 2014 was 82% for women and 69% for men [11]. 
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In women, age is the main risk factor for the development of mammary carcinoma. Further risk 
factors that apply exclusively to women are dense breast and glandular tissue, early menarche 
or late menopause, few or no births, and higher age at the 1st birth. Risk factors affecting both 
sexes are benign tissue changes and a family history or genetic predisposition. Modifiable risk 
factors include heavy alcohol consumption, overweight, lack of exercise, and smoking. In men, 
genetic factors and hormonal changes are the main factors responsible for the development of 
breast cancer [12-16]. 

Breast cancer precursors 
Breast cancer precursors are cell changes associated with an elevated risk of breast cancer. In 
addition to lesions of unclear biological potential, these precursors include ductal carcinoma in 
situ (DCIS), which develops within the milk ducts and has not yet grown into surrounding 
tissue. Due to the higher risk of it developing into malignant invasive carcinoma when 
compared to other breast cancer precursors, surgical removal is always recommended for DCIS 
[13, 14, 17]. 

Tumour classification 
To describe the clinical and pathological spread of a carcinoma, it is classified on the basis of 
its size (T), lymph node involvement (N), and presence of distant metastases (M) (TNM 
classification) [14, 17, 18]. 

Other factors taken into account when classifying the tissue and assessing the chances for 
recovery include cancer tissue differentiation (grading), proliferation rate (Ki-67 index), and 
spread in the lymph nodes, the tumour’s hormone receptor status, and completeness of resection 
in case of surgery (R0 resection) [13, 14, 17]. 

Surgical treatment of mammary carcinoma 
In 2014, suspected breast cancer resulted in 74 224 surgical procedures being performed at 817 
German hospitals [9]. The surgical treatment of mammary carcinoma can be generally 
classified as breast-conserving surgery versus mastectomy. The choice of therapeutic procedure 
depends on the patient’s individual physical, psychological, and social situation as well as the 
age, comorbidities, and preferences of the patient [19]. 

For men, the surgical treatment of mammary carcinoma is based on the guidelines issued for 
the surgical treatment of women. However, the preferred surgical technique for men is modified 
radical mastectomy (mastectomy with lymph node removal) [12]. 

Breast-conserving surgery 
Breast-conserving surgery is now considered the standard for treating both invasive and non-
invasive mammary carcinoma and is chosen by about 60–70% of female patients [13]. It takes 
the form of either tumourectomy, segmentectomy, or quadrantectomy. The goal is complete 
tumour removal. Breast-conserving therapy with subsequent radiotherapy is equivalent to 
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mastectomy in terms of survival figures [19-21]. Complete tumour removal (R0/margin-
negative resection) is considered important to achieve a low risk of local recurrence [14, 19]. 

Modified radical mastectomy 
Modified radical mastectomy, i.e. complete excision of the mammary gland including the 
nipple and pectoral fascia, is performed in 20–40% of female patients [13]. Increasingly, skin-
sparing forms of mastectomy are being used, either with or without preservation of the nipple-
areola complex [14, 19, 22]. 

Surgical treatment of the axilla 
Axillary staging is part of the surgical procedures used to treat invasive mammary carcinoma 
and serves to determine the histologic nodal status. The procedure is indicated if the lymph 
node status is found to be negative (cN0) by both palpation and ultrasound. In case of cN0, the 
current standard is sentinel lymph node biopsy (SLNB) to determine whether a tumour has 
spread into the lymph vessels. Axillary staging is not indicated in case of clinically suspected 
positive lymph nodes (cN+) [13, 14, 19]. Rather, axillary dissection is usually indicated in that 
situation [13, 19]. 

Palliative treatment 
In metastatic mammary carcinoma, palliative therapy aims to alleviate symptoms and increase 
survival time. It can include surgery, radiotherapy, and drugs. Required measures depend on 
the patient’s individual needs [14, 23]. 
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2 Research question 

The aim of this investigation is to 

 present and assess any correlation between VoS and the quality of the treatment outcome 
in the surgical treatment of primary mammary carcinoma (research question 1) and 

 present studies which investigate the effects of a minimum number of cases introduced 
into the healthcare system on the quality of the treatment outcome in the surgical 
treatment of primary mammary carcinoma (research question 2). 

If this process reveals data on a correlation between VoS and quality of treatment outcome in 
palliative surgery, they will be presented as supplementary information. 
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3 Course of the project 

On 16 August 2018, the Federal Joint Committee (G-BA) commissioned the Institute for 
Quality and Efficiency in Health Care (IQWiG) with a systematic literature search, including 
evaluation of the evidence on any correlation between VoS and quality of treatment outcome 
in the surgical treatment of breast cancer (including palliative surgery). Work on the project 
started on 15 April 2019. 

On the basis of the project outline, a rapid report was generated and additionally subjected to 
an external review. This report was sent to the G-BA and published 4 weeks later on the IQWiG 
website. 
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4 Methods 

Due to differences between the research questions, different methods were used in some cases. 

4.1 Criteria for study inclusion in the investigation 

4.1.1 Population 

The assessment included studies with patients who were surgically treated for breast cancer. 

4.1.2 VoS 

VoS was defined as the number of surgical treatments of breast cancer performed per hospital 
site, per doctor, or per site-doctor combination within a defined time period. 

4.1.3 Outcomes 

For the investigation, the following outcomes were examined: 

 Mortality, such as 

 overall survival 

 breast cancer mortality 

 Morbidity, such as 

 need for re-excision 

 local recurrence 

 disease-free survival 

 adverse effects of therapy, such as 

- serious treatment-related complications 

- serious adverse events 

 Health-related quality of life, including activities of daily living and dependence on help 
from others 

The inclusion of any usable data on other outcomes or validated quality indicators, such as 
lymph node removal in DCIS and in breast-conserving therapy, was also permitted. 

4.1.4 Study types 

Controlled interventional studies or observational studies (e.g. cohort studies or case control 
studies) were suitable for both research questions. 

For controlled interventional studies, the intervention to be examined was the specification of 
a minimum number of cases. Possible comparator groups were groups with a different or no 
specified volume. 
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4.1.5 Adjustment 

In breast cancer surgery, the quality of the treatment outcome is influenced, for instance, by the 
primary tumour size, axillary lymph node status, grading, and hormone receptor status. Other 
influencing factors include patient sex, age, and comorbidities as well as the (neo)adjuvant 
therapy. Further indication-specific risk factors are possible. 

Therefore, the control of relevant confounders (risk adjustment) was a prerequisite for study 
inclusion. Control was assumed to exist if the study analysis involved suitable statistical 
methods to adjust for relevant confounders in an effort to address the problem of potential 
structural inequalities (unfair comparisons) between hospitals or treatment providers (doctors, 
nurses, etc.) with high and low VoS. 

Likewise, cluster effects (e.g. greater similarity of outcomes in patients within the same hospital 
versus patients from different hospitals due to hospital-specific characteristics) had to have been 
taken into consideration by means of adequate statistical methods. 

4.1.6 Study duration 

There were no restrictions regarding the study duration. 

4.1.7 Publication period 

Studies with a publication date of January 2000 or later were included in the study. 

4.1.8 Transferability 

To ensure the transferability of study results to the German healthcare system, studies from 
European countries as well as the United States, Canada, Australia, and New Zealand were 
eligible for inclusion. 

For international studies, at least 80% of the data had to come from the above countries. 

4.1.9 Tabular presentation of the criteria for study inclusion 

Table 1 and Table 2 list the criteria which had to be met by studies to be included in the 
assessment. 
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Table 1: Overview of inclusion and exclusion criteria for interventional studies 

Inclusion and exclusion criteria 
I1.1 Patients who were surgically treated for breast cancer (also see Section 4.1.1) 
I1.2 Study intervention: use of a minimum number of cases (also see Section 4.1.4) 
I1.3 Comparator intervention: use of a different or no minimum number of cases (also 

see Section 4.1.4) 
I1.4 Outcomes as formulated in Section 4.1.3 
I1.5 Controlled intervention study as formulated in Sections 4.1.4 and 4.1.5 
I1.6 Publication date of January 2000 or later 
I1.7 Full publication availablea 
I1.8 Studies which are transferable to the German healthcare system (also see Section 

4.1.8) 
E1.1 Multiple publications without relevant additional information 
a: In this context, a study report in accordance with ICH E3 [24] or a report about the study which met the 

criteria of the TREND statement [25] and allowed an assessment of the study was considered a full 
publication so long as the information on both the study methods and study results provided in these 
documents was not confidential. 

ICH: International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human 
Use; TREND: Transparent Reporting of Evaluations with Nonrandomized Designs 

 

Table 2: Overview of inclusion and exclusion criteria for observational studies 

Inclusion and exclusion criteria 
I2.1 Patients who were surgically treated for breast cancer (also see Section 4.1.1) 
I2.2 Investigation of any correlation between VoS over a certain period and the quality 

of the treatment outcome (also see Section 4.1.2) 
I2.3 Outcomes as formulated in Section 4.1.3 
I2.4 Studies as formulated in Section 4.1.4 
I2.5 Adjustment as formulated in Section 4.1.5 
I2.6 Publication date of January 2000 or later 
I2.7 Full publication availablea 
I2.8 Studies which are transferable to the German healthcare system (also see Section 

4.1.8) 
E2.1 Multiple publications without relevant additional information 
a: In this context, a study report in accordance with ICH E3 [24] or a report about the study which met the 

criteria of the STROBE statement [26] and allowed an assessment of the study was considered a full 
publication, so long as the information on both the study methods and study results provided in these 
documents was not confidential. 

ICH: International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human 
Use; STROBE: Strengthening the Reporting of Observational Studies in Epidemiology, VoS: volume of 
services 
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4.1.10 Inclusion of studies which do not fully meet the above criteria 

In accordance with IQWiG General Methods Version 5.0, Chapter 9 [27], for the inclusion 
criteria I1.1/I2.1 (population), I1.2 (use of a minimum number of cases), and I1.3 (comparator 
intervention with respect to the study’s comparator group), and/or I2.2 (VoS), and I1.8/I2.8 
(transferability), it sufficed if at least 80% of included patients fulfilled these criteria. For such 
studies, subgroup analyses, if any, on patients who fulfilled the inclusion criteria were used. 
Studies in which the inclusion criteria I1.1/I2.1, I1.2/I2.2, and I1.3 as well as I1.8/I2.8 were 
fulfilled by fewer than 80% of patients were included only if subgroup analyses were available 
for patients who did fulfil the inclusion criteria. 

4.2 Comprehensive information retrieval 

4.2.1 Sources of information 

For the comprehensive information retrieval, a systematic search was conducted for relevant 
studies or documents in accordance with IQWiG General Methods Version 5.0, Chapter 8 [27]. 
The following primary and further information sources as well as search techniques were 
considered: 

Primary information sources 
 Bibliographic databases 

 MEDLINE 

 Embase 

 Cochrane Central Register of Controlled Trials 

 Cochrane Database of Systematic Reviews 

Further information sources and search techniques 
 Use of further search techniques 

 Screening of reference lists of systematic reviews found 

 Requests to authors 

4.2.2 Selection of relevant studies or documents from the results of the bibliographic 
search 

In a first step, the titles and, if available, abstracts of the hits retrieved in the bibliographic 
databases were screened for potential relevance in terms of the inclusion criteria (see Table 1 
and Table 2). In a second step, any documents considered potentially relevant were checked for 
relevance. Both steps were performed by 2 persons independently of each other. Any 
discrepancies were resolved by discussion between them. 
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Selection of relevant studies or documents from further information sources 
Search results from the further information sources considered were screened for studies by 1 
reviewer. The studies found were then checked for relevance. The whole process was then 
checked by a 2nd reviewer. Any discrepancies in one of the listed selection steps were resolved 
by discussion between the 2 reviewers. 

4.3 Information synthesis and analysis 

4.3.1 Presentation of the individual studies 

All information needed for the investigation was extracted from the documents on the included 
studies and put into standardized tables. Any discrepancies found in connection with the 
comparison of information from different documents or from multiple data points within the 
same document, provided such discrepancies had the potential of considerably influencing the 
interpretation of results, are presented in the results section of the report. 

Results were typically omitted from the investigation whenever they were based on fewer than 
70% of the patients to be included in the analysis, that is, whenever more than 30% of patients 
were excluded from analysis. 

Results were also omitted from the investigation whenever the percentage of patients excluded 
from analysis differed by more than 15% between groups. 

If the studies’ authors used several statistical models and justified their choice of a preferred 
model for their underlying data, the statistical model preferred by the author team was used, 
provided the model fulfilled the conditions defined in Section 4.1.5. If several models were 
appropriate for the underlying data, the simpler model was used, taking into account Section 
4.1.5. 

4.3.2 Assessment of the informative value of results 

The informative value of the results from the included observational studies was assessed on 
the basis of quality criteria developed especially for studies assessing volume-outcome 
correlations [28-31]. In terms of the informative value of results, the assessment considered the 
way the risk adjustment was performed, i.e. the risk factors taken into account and the sources 
used (administrative databases, clinical databases, medical records). Likewise, the quality of 
the statistical models used to examine any correlation between VoS and outcome was assessed; 
this quality depends on the form in which the characteristic of volume entered into the analysis 
(continuous versus categorical data), the consideration of cluster effects (see Section 4.1.5), and 
the examination of model quality [32]. The completeness of reporting (e.g. description of 
analysed data and reporting of point estimates, confidence intervals, and p-values) was 
considered an aspect of the informative value of results as well. On the basis of the entirety of 
these quality criteria, the observational studies were categorized by quality into those with high 
versus low informative value of results. 
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4.3.3 Assessment of the risk of bias 

The risk of bias of the results of the included controlled interventional studies was assessed in 
accordance with IQWIG General Methods Version 5.0, Chapter 9 [27]. 

4.3.4 Summary assessment of information 

The results on the outcomes reported in the studies were comparatively described in the report. 

Since categorical analysis is associated with a loss of information (e.g. the linearity assumption 
may be violated within the individual categories) and might supply less reliable results than 
continuous analysis [31], the results of continuous modelling were preferred over those of 
categorical modelling and included in the report if potential non-linear relationships were 
adequately taken into account in continuous modelling. However, if the studies presented 
results exclusively for categorical analysis or if only the results of categorical analysis were 
usable, the summary assessment used these categorical analyses. 

Beyond the comparison of results from the individual studies, suitable metaanalytical methods 
were to be used if possible [27]. A final summary assessment of the information was performed 
in any case. Results reported on subgroups were to be presented separately and summarized, if 
possible. 
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5 Results 

5.1 Comprehensive information retrieval 

5.1.1 Primary information sources 

Figure 1 shows the results of the systematic literature search in the bibliographic databases and 
the study selection in accordance with the criteria for study inclusion. The search strategies for 
the search in bibliographic databases are found in Appendix A. The most recent search was 
conducted on 20 May 2019. 

The references of the hits which were screened at full-text level but excluded are found in 
Section 9.3 of the full report, with the respective reason for exclusion. 
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Search in  bibliographic databases
Last search: 20 May 2019

n = 4621

Inclusion: duplicates  
n = 534

Overall number of hits screened
 n = 4087

Potentially relevant publications on topic
n = 175

Systematic reviews screened
n = 12

Inclusion: not relevant (full text)
n = 153

Reasons for exclusion:
Not I2.1 (population) n = 6
Not I1.2 (test intervention) n = 0
Not I2.2 (correlation) n = 43
Not I1.3 (control intervention) n = 0 
Not I2.3 (outcomes) n = 26
Not I2.4 (study type) n = 17
Not I2.5 (adjustment) n = 57
Not I2.6 (publication date) n = 0
Not I2.7 (full-text publication) n = 1
Not I2.8 (applicability) n = 3
E2.1 (applicability) n = 0

Inclusion: not relevant
(at title/abstract level)

n = 3912

Relevant studies
n = 10

(reearch question 1: n = 10; 
research question 2: n = 0)

 
Figure 1: Result of the bibliographic search and study selection 

5.1.2 Further information sources and search techniques 

Relevant studies or documents found through further information sources and search techniques 
are presented below unless they were already found through primary information sources. 

5.1.2.1 Use of further search techniques 

As part of the information retrieval, 12 systematic reviews were found – the corresponding 
references are provided in Section 9.2 of the full report. The list of references of this systematic 
review was screened. 
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No relevant studies or documents which were not already identified in other search steps were 
found. 

5.1.2.2 Requests to authors 

No requests to authors to obtain additional information on relevant studies were necessary since 
such information was not expected to have a relevant impact on the assessment. 

5.2 Resulting study pool 

Through the various search steps, a total of 10 relevant studies (10 documents) were found (also 
see Table 3), all of which related to research question 1. The corresponding references are found 
in Section 9.1 of the full report. 

Table 3: Study pool 
Study Full publication (in professional journals) 
Allgood 2006  Yes [33] 
Gilligan 2007  Yes [34] 
Greenup 2018 Yes [35] 
Gutierrez 2008 Yes [36] 
Isaacs 2016 Yes [37] 
McCahill 2012 Yes [38] 
Nattinger 2007 Yes [39] 
Simunovic 2006 Yes [40] 
van Leeuwen 2018 Yes [41] 
Vrijens 2012 Yes [42] 

 

No studies of meaningful informative value were found to answer research question 2. 

5.3 Characteristics of the studies included in the assessment 

The included studies’ characteristics which were relevant for the report are presented in Table 4 
to Table 8 and then summarized. 
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Table 4: Characteristics of the included studies 
No. Study / study design 

(data source) 
Study objective Recruitment country / 

data collection period / 
follow-up period 

Definition of VoS / threshold 
definition 

Analysis of VoS / number of units in 
total and, if applicable, per VoS 

1 Allgood 2006 
 
Retrospective 
observational study 
(BTW database and NHS 
Central Register) 

Investigation of any 
correlation between VoS 
and the care process 
and/or the outcome of 
breast cancer patients who 
were diagnosed through 
the screening programme  

Wales, United Kingdom 
 
Screening period: 
02/1989–03/1997 
Follow-up period 
[median]: 3.0 years 
[1.8; 4.2]a 

Number of newly diagnosed and 
treated women with breast cancer 
per doctor or per hospital and 
year 
 
Continuous analysis 

Analysis: per increase in VoS by 
10 patients 
 
Hospitals total: 19 
 
Doctors total: 25 
Low VoS, ≤ 10 patients: 15 
Intermediate VoS, 11–49 patients: 4 
High VoS, ≥ 50 patients: 6 
 
Patients total: 2704b 
Low VoS, ≤ 10 patients: 76 (2.8%c) 
Moderate VoS, 11–49 patients: 536 
(19.8%c) 
High VoS, ≥ 50 patients: 2092 (77.4%c) 

2 Gilligan 2007 
 
Retrospective 
observational study 
(SEER database and 
Medicare claims data) 

Investigation of any 
correlation between a 
hospital’s VoS and overall 
survival or disease-
specific survival in breast 
cancer patients (stages I 
and II) 

USA 
 
Period of diagnosis: 1994–
1996 
 
Follow-up period [mean]: 
62.5 months 

Number of surgeries performed 
annually during the study period 
in Medicare-insured women with 
newly diagnosed breast cancer, 
regardless of stage, per hospital 
 
Terciles 

Analysis: based on the lowest VoS 
category 
 
Hospitals total: 457 
Low VoS, 0–19 patients: 327 
Intermediate VoS, 20–39 patients: 87 
High VoS, ≥ 40 patients: 43 
 
Patients total: 11 225 
Low VoS, 0–19 patients: 3596 (32.0%c) 
Intermediate VoS, 20–39 patients: 3698 
(32.9%c) 
High VoS ≥ 40 patients: 3931 (35.0%c) 

(continued) 
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Table 4: Characteristics of the included studies (continued) 
No. Study / study design 

(data source) 
Study objective Recruitment country / 

data collection period / 
follow-up period 

Definition of VoS / threshold 
definition 

Analysis of VoS / number of units in 
total and, if applicable, per VoS 

3 Greenup 2018 
 
Retrospective 
observational study 
(NCDB database) 

Investigation of any 
correlation between a 
hospital’s VoS and overall 
survival in breast cancer 
patients and investigation 
of which VoS threshold 
value affects survival 

USA 
 
Period of diagnosis: 
2004–2012 
 
Follow-up period: 
maximum of 11 years 

Number of treated breast cancer 
cases per hospital and year 
 
Restricted cubic splines analysis 

Analysis: based on the lowest VoS 
category 
 
Hospitals total: 1277c 
Low VoS, < 148 patients: 1044 
Intermediate VoS, 148–298 patients: 
181 
High VoS, > 298 patients: 52 
 
Patients total: 1 064 251 
Low VoS, < 148 patients: 546 005 
(51.3%) 
Intermediate VoS, 148–298 patients: 
327 405 (30.8%) 
High VoS, > 298 patients: 190 841 
(17.9%) 

4 Gutierrez 2008 
 
Retrospective 
observational study 
(FCDS and SEER 
databases) 

Investigation of any 
correlation between a 
hospital’s VoS or the 
hospital type and the 
outcome (survival) of 
patients with IDC 

USA 
 
Surgery performance 
period: 1994–2000 
 
Data collection period: 
2006 
 
Follow-up period: 
5 and 10 years 

Number of surgeries performed in 
patients with IDC per hospital 
during the study period 
 
50th percentile (median) 

Analysis: based on the lowest VoS 
category 
 
Hospitals total: 296c 
 
Patients total: 24 834d 
Low VoS, < 50th percentile: 16 147 
patients 
High VoS, > 50th percentile: 7598 
patients 

(continued) 
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Table 4: Characteristics of the included studies (continued) 
No. Study / study design 

(data source) 
Study objective Recruitment country / 

data collection period / 
follow-up period 

Definition of VoS / threshold 
definition 

Analysis of VoS / number of units in 
total and, if applicable, per VoS 

5 Isaacs 2016 
 
Retrospective 
observational study 
(New York State 
Mandatory Reporting 
Database) 

Investigation of any 
correlation between doctor 
experience and 
reoperation. In addition, 
the use of BCS, 
reoperation rates, and the 
procedure choice were 
presented.  

USA 
 
Surgery performance 
period: 01/2003–12/2013 
 
Follow-up period: 
90 days after surgery 

Average number of breast cancer 
patients treated annually per 
doctor 
 
Terciles  

Analysis: based on the highest VoS 
category 
 
Patients total: 89 290e 
Low VoS, 0–13: 30 731 patients 
(34.4%) 
Intermediate VoS, 14–33: 28 950 
patients (32.4%) 
High VoS, ≥ 34 patients: 29 609 
(33.2%) 

6 McCahill 2012 
 
Retrospective 
observational study 
(BRCASO and CRN 
databases) 

Investigation of any 
correlation between 
hospital-specific and 
doctor-specific variation 
and re-excision following 
partial mastectomy 

USA 
 
Period of diagnosis: 2003–
2008 
 
N/A  

Mean number of performed 
breast cancer surgeries per year, 
based on the BRCASO cohort per 
doctor 
 
Quartiles, mean threshold value 
shifted toward mean 

Analysis: based on the highest VoS 
category 
 
Patients total: 1909f 
Low VoS, 0–9.9 patients: 418 
Intermediate VoS, 10.0–24.9 patients: 
815 
High VoS, 25.0–49.9 patients: 178 
Very high VoS, ≥ 50.0 patients: 498 

(continued) 
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Table 4: Characteristics of the included studies (continued) 
No. Study / study design 

(data source) 
Study objective Recruitment country / 

data collection period / 
follow-up period 

Definition of VoS / threshold 
definition 

Analysis of VoS / number of units in 
total and, if applicable, per VoS 

7 Nattinger 2007 
 
Retrospective 
observational study 
(SEER database and 
Medicare claims data)  

Investigation of any 
correlation between the 
doctor’s VoS and breast 
cancer mortality as well 
as all-cause mortality. 
In addition, potential bias 
in the doctor VoS-
outcome relationship are 
analysed.  

USA 
 
Period of diagnosis 
01/1994–12/1996 
Median follow-up 
[median]: 50 months, up 
to 08/2000 

Mean number of breast cancer 
patients operated annually per 
doctor or per hospital 
 
Definition of thresholds: 
Categorization into 3 groups, 
with the highest group defined as 
having at least double the VoS of 
doctors of the lowest group 

Analysis: based on the lowest VoS 
category 
 
Hospitals total: n.s 
Low VoS, < 20 patientsh: 3592c (29.4%) 
Intermediate VoS, 20 to < 40 patientsh: 
3701c (30.3%) 
High VoS, ≥ 40 patientsh: 3934c 
(32.2%) 
Unknown: 989c (8.1%) 
 
Doctors total: 1856 
Low VoS, < 5 patients: 1325 (71.4%c) 
Intermediate VoS, 5 to < 10 patients: 
384 (20.7%c) 
High VoS, ≥ 10 patients: 147 (7.9%c) 
 
Patients total: 12 216 
Low VoS, < 5 patientsi: 4524 (37.0%c) 
Intermediate VoS, 5 to < 10 patientsi: 
4456 (36.5%c) 
High VoS, ≥ 10 patientsi: 3236 (26.5%c) 

(continued) 
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Table 4: Characteristics of the included studies (continued) 
No. Study / study design 

(data source) 
Study objective Recruitment country / 

data collection period / 
follow-up period 

Definition of VoS / threshold 
definition 

Analysis of VoS / number of units in 
total and, if applicable, per VoS 

8 Simunovic 2006 
 
Retrospective 
observational study 
OCR register, CIHI, and 
ORP databases) 

Investigation of any 
correlation between VoS, 
hospital teaching status, 
and intraoperative 
mortality as well as long-
term survival of breast 
cancer patients. 

Canada 
 
Period of diagnosis: 
01/1991–12/1993 
 
Follow-up period: until 
12/2000 
 

Number of cases diagnosed 
between 1991 and 1993 
 
Definition of thresholds: 
Quartiles 
 

Analysis: based on the highest VoS 
category 
 
Hospitals total: 152 
 
Patients total: 14 346 
Low VoS, ≤ 102 patients: 3569 (24.9%) 
Low to intermediate VoS, 103–158 
patients: 3540 (24.7%) 
Intermediate to high VoS, 159–264 
patients: 3603 (25.1%) 
High VoS, ≥ 265 patients: 3634 (25.3%) 

9 van Leeuwen 2018 
 
Retrospective 
observational study 
 
(APDC and RBDM 
registries) 

Investigation of any 
correlation between 
hospital-specific 
differences and 
reoperation within 90 days 
after breast-conserving 
surgery 

Australia 
 
Period of first surgery 
performance: 07/2002–
03/2013 
 
Recruitment period: 
07/2001–03/2014 
 
Follow-up period: 90 days 
after surgery; 12 months 
before surgery  

Average number of breast cancer 
patients treated annually per 
hospital. 
 
Definition of thresholds: Terciles 
on the basis of the graphic 
illustration of distribution 

Analysis: based on the lowest VoS 
category 
 
Hospitals total: 161 
 
Patients total: 34 458 
Low VoS, < 15 patients: 3278 (9.5%) 
Intermediate VoS, 15–49 patients: 
12 224 (35.5%) 
High VoS, ≥ 50 patients: 18 956 
(55.0%)  

(continued) 
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Table 4: Characteristics of the included studies (continued) 
No. Study / study design 

(data source) 
Study objective Recruitment country / 

data collection period / 
follow-up period 

Definition of VoS / threshold 
definition 

Analysis of VoS / number of units in 
total and, if applicable, per VoS 

10 Vrijens 2012 
 
Retrospective 
observational study and 
feasibility study 
(Belgian cancer registry 
database, Belgian 
population database, and 
administrative claims 
database) 

Investigation of any 
correlation between 
hospital VoS and overall 
survival (5-year survival) 
in breast cancer as well as 
11 quality indicators 

Belgium 
 
Period of diagnosis: 
01/2004–12/2006 
 
Follow-up period: 3 or 5 
years (until 12/2009) 

Average number of breast cancer 
patients treated annually per 
hospital within the study period 
 
Quartiles, high VoS according to 
EUSOMA requirements 

Analysis: based on the highest VoS 
category 
 
Hospitals total: 111 
 
Patients total: 25 178 
Very low VoS, < 50 patients: 5036 
(20.0%) 
Low VoS, 50–99 patients: 5555 (22.1%) 
Intermediate VoS, 100–149 patients: 
5008 (19.9%) 
High VoS, ≥ 150 patients: 9579 (38.0%) 

a: Interquartile range. 
b: Total population: 2705. 
c: IQWiG calculation. 
d: The analysis used the data of 23 745 patients. 
e: The multivariate analysis used the data of at most 63 931 out of 89 448 included patients (due to patient exclusions caused by missing values). 
f: Data based only on negative resection margins; total population: 2220 patients. 
g: The focus of the analysis is on the doctors’ VoS. 
h: VoS on the hospital level.  
i: VoS on the doctor level.  
APDC: NSW Admitted Patient Data Collection; BCS: breast-conserving surgery; BRCASO: Breast Cancer Surgical Outcomes database; BTW: Breast Test Wales; 
CIHI: Canadian Institute for Health Information; CRN: Cancer Research Network; EUSOMA: European Society of Breast Cancer Specialists; FCDS: Florida Cancer 
Data System; IDC: Invasive Ductal Carcinoma;; NCDB: National Cancer Data Base; NHS: National Health Service; NSW: New South Wales; OCR: Ontario Cancer 
Registry; ORPDB: Ontario Registered Persons Database; RBDM: NSW Registry of Births, Deaths and Marriages; SEER: Surveillance Epidemiology and End 
Results; VoS: volume of services 
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5.3.1 Study design and data source 

A total of 10 studies were included. All studies are retrospective observational studies. 

Six of the 10 studies were conducted in the United States (Gilligan 2007, Greenup 2018, 
Gutierrez 2008, Isaacs 2016, McCahill 2012, Nattinger 2007). 

Two U.S. studies (Gilligan 2007, Nattinger 2007) are based on the national data of the 
Surveillance Epidemiology and End Results Program (SEER) registry, which were linked to 
administrative data of the U.S. Centers for Medicare and Medicaid Services. The SEER registry 
contains data on demography, survival, extent of disease, and initial therapy in patients with 
cancer. Medicare is the U.S. national insurance system which covers old people (65 years and 
older), people with a disability, and people with dialysis-dependent kidney failure. In 2017, 
17.2% of the U.S. population were covered by Medicare [43]. 

The authors of the Greenup 2018 study, in contrast, used national data from the National Cancer 
Data Base of the American College of Surgeons. This is a clinical oncology database sourced 
from hospital registry data that are collected in more than 1500 accredited facilities. 

Three studies from the United States included regional data into their analyses. The Gutierrez 
2008 study used data from the Florida Cancer Data System. In the Isaacs 2016 study, data from 
the New York State Mandatory Reporting Data Base were analysed. This administrative 
database of New York State contains hospital discharge data, data from outpatient surgeries, 
and data on patient demographics and diagnoses. The McCahill 2012 study is based on data 
from the Breast Cancer Surgical Outcome Cohort, which was formed by a consortium of the 
Cancer Research Network and the University of Vermont. 

Two further studies were conducted in Europe (Allgood 2006, Vrijens 2012) and are each based 
on national data. 

The Allgood 2006 study used data from the Breast Test Wales (BTW) screening programme 
and the U.K. National Health Service (NHS). The authors of the Vrijens 2012 study used data 
based on the Belgian Cancer Registry and the Belgian population database as well as data from 
a national consortium of all Belgian health insurers. The latter database contains information 
on all reimbursed drug costs, outpatient and inpatient contacts to doctors, and diagnostic or 
treatment procedures. 

Two further studies are from Canada and Australia (Simunovic 2006, van Leeuwen 2018). 

The authors of the Simunovic 2006 study used data from the National Cancer Registry in 
Ontario, the database of the Canadian Institute for Health Information (CIHI), and the Ontario 
Registered Persons Database (RPDB). The authors of the van Leeuwen 2018 study examined 
data from the New South Wales Admitted Patient Data Collection and the New South Wales 
Registry of Births, Deaths, and Marriages. 
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5.3.2 Objective of the studies 

Seven out of 10 studies examined any correlation between hospital VoS and the mortality of 
breast cancer patients (Allgood 2006, Gilligan 2007, Greenup 2018, Gutierrez 2008, Nattinger 
2007, Simunovic 2006, Vrijens 2012). 

Allgood 2006 and Vrijens 2012 also investigated any correlation between VoS and the care 
process, with Vrijens 2011 examining the care process on the basis of 11 quality indicators, 
such as the administration of adjuvant systemic therapy. Nattinger 2007 also examined potential 
influencing factors in the volume-outcome correlation. 

Two studies additionally investigated any correlation between VoS and all-cause mortality on 
the doctor level (Allgood 2006, Nattinger 2007). 

In addition to the investigation of any correlation between VoS and mortality, 3 further studies 
examined the influence of VoS on the morbidity of breast cancer patients (Isaacs 2016, van 
Leeuwen 2018, McCahill 2012). As their primary objective, the studies investigated any 
correlation between VoS and reoperation. Two studies based their analyses on the doctor VoS 
(Isaacs 2016, McCahill 2012), while van Leeuwen 2018 looked at the hospital VoS. 

5.3.3 Follow-up period 

The follow-up periods of the included studies ranged from 90 days (Isaacs 2016, van Leeuwen 
2018) to 11 years after surgery (Gutierrez 2008, Greenup 2018). 

The van Leeuwen 2018 and Isaacs 2016 studies are based on data collected between 2002 and 
2013. The investigations by Greenup 2018 use data from 2004 through 2012. 

Gutierrez et al. investigated data from 1994 through 2000, with a follow-up period of 5 or 10 
years. The authors of the Vrijens 2012 study used data from 2004 through 2006, with a 
maximum follow-up period of 5 years. 

Three studies are based on data collected between 1989 and 1997 (Allgood 2006) or 1994 and 
1996 (Gilligan 2007, Nattinger 2007). All 3 studies report the median follow-up period, which 
is between 3 years (Allgood 2006) and 62.5 months (Gilligan 2007). Simunovic et al. included 
data from 1991 through 1993 and reported a follow-up period of up to 10 years. 

5.3.4 Definition of VoS 

Two studies calculated the VoS from the breast cancer cases annually treated per 
doctor/hospital site (Allgood 2006, Greenup 2018). 

Six further studies (Isaacs 2016, Gilligan 2007, McCahill 2012, Nattinger 2007, van Leeuwen 
2018, Vrijens 2012) calculated the VoS as the mean annual number of treated and/or operated 
breast cancer patients per doctor or hospital site. The studies’ calculations are based on their 
reported study period or cohort. 
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The remaining 2 studies (Gutierrez 2008, Simunovic 2006) define the VoS as the total number 
of surgically treated breast cancer cases within a defined period per doctor/hospital. Gutierrez 
2008 refers to the number of operated cases within 7 years, and Simunovic 2006, to the number 
of diagnosed cases within 3 years. 

Allgood 2006 is the only included study to analyse the data continuously and per increase in 
annual VoS by 10 patients, on both the hospital and doctor level. 

The analyses of all other 9 studies were based on the highest and lowest VoS categories. Hence, 
the studies’ authors performed categorical analyses. The Gilligan 2007, Greenup 2018, 
Gutierrez 2008, van Leeuwen 2018, Simunovic 2006, and Vrijens 2012 studies analysed on the 
hospital level. The analyses of the Isaacs 2016 and McCahill 2012 studies used the doctor VoS. 
Nattinger 2007 analysed the results for the VoS per hospital and per doctor. 

All studies with categorical analysis, except Gutierrez 2008, used specific threshold values to 
define the VoS categories. Gutierrez 2018 did not mention a specific threshold value, but 
instead used the median to define the VoS categories. The indicated VoS thresholds on the 
hospital level were between <15 (van Leeuwen 2018) and <148 (Greenup 2018) patients for 
the lowest category and between ≥ 40 (Gilligan 2007, Nattinger 2007) and ≥ 298 (Greenup 
2018) cases for the highest. 

At the doctor level, the thresholds for the lowest VoS category were between ≤ 5 (Nattinger 
2007) and ≤ 13 cases (Isaacs 2016), and for the highest, between ≥ 10 (Nattinger 2007) and 
≥ 50 patients (McCahill 2012). 

Five studies differentiated the VoS on the basis of 3 VoS categories (Gilligan 2007, Greenup 
2018, Isaacs 2016, Nattinger 2007, van Leeuwen 2018). Three studies (McCahill 2012, 
Simunovic 2006, Vrijens 2012) used 4 VoS categories. Another VoS differentiation used 
2 categories on the basis of the median (Gutierrez 2008). 

5.3.5 Inclusion and exclusion criteria 

The main inclusion and exclusion criteria of the studies are listed in Table 5 and summarized 
below. 

All studies except for Allgood 2006, Gutierrez 2008, van Leeuwen 2018, and Vrijens 2012 
defined a minimum age 18 years as an inclusion criterion. 

Main exclusion criteria of the studies were male sex, surgery or diagnosis outside the specified 
study period, or not undergoing breast-conserving surgery as the first surgical treatment. 
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Table 5: Patient inclusion/exclusion criteria of the studies 
Study Main inclusion criteria Main exclusion criteria 
Allgood 
2006 

 Female sex 
 New breast cancer diagnosis resulting from 

screening 

 Patients with symptoms  

Gilligan 
2007 

 Female sex 
 Age ≥ 66 years 
 Microscopically confirmed breast cancer 

diagnosis 1994–1996 
 Breast cancer stage I or II 
 BCS or mastectomy (as initial therapy) 
 Eligibility for Medicare Part A or B 
 Not enrolled in a Medicare Health 

Maintenance Organization 

 Treatment outside the SEER region 
 Hospital not identifiable 

Greenup 
2018 

 Age between 18 and 90 years 
 Breast cancer diagnosis between 2004 and 

2012 
 Stage 0–III 
 In situ or invasive breast cancer 
 Unilateral breast cancer 
 BCS, unilateral, or contralateral mastectomy 

 Age < 18 years and > 90 years 
 Diagnosed after 2012 
 Stage IV 
 Bilateral cancer 
 Unclear laterality 
 Other surgeries 

Gutierrez 
2008 

 Female sex/breast 
 IDC diagnosis between 1994 and 2000 
 Invasive breast cancer 
 Complete staging data 
 Surgical cases  

 In situ tumour  

Isaacs 
2016 

 Female sex 
 Age ≥ 20 years 
 Breast cancer diagnosis 
 BCS between 2003 and 2013 

 BCS was not the 1st surgery 
 Not a resident of New York State 
 BCS or mastectomy 1 year before treatment 
 Prior breast cancer 

McCahill 
2012 

 Female sex 
 Age ≥ 18 years 
 Breast cancer diagnosis between 2003 and 

2008 
 Invasive ductal or lobular tumour 
 The 1st breast cancer surgery (partial 

mastectomy or open breast biopsy) took 
place at one of the study sites 

 Male sex 
 No surgical treatment 
 Stage IV 
 DCIS pathologically confirmed 
 Clinically suspected inflammatory breast 

cancer 
 1st surgery outside the study sites 
 Neoadjuvant chemotherapy 
 Preoperatively diagnosed multifocal breast 

cancer 
 Prior radiotherapy of the breast 
 Mastectomy as 1st surgery 
 Margin status could not be determined 
 Patients who were treated by a surgeon with 

fewer than 10 treated cases in the dataset 
(continued) 
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Table 5: Patient inclusion/exclusion criteria of the studies (continued) 
Study Main inclusion criteria Main exclusion criteria 
Nattinger 
2007 

 Female sex 
 Age ≥ 66 years 
 Invasive breast cancer, stage I or II 

(diagnosed 1994–1996) 
 Performance of surgery / contact with 

surgeon within 4 months after diagnosis 
 Eligibility for Medicare Part A or B 
 Not enrolled in a Medicare Maintenance 

Organization 

 Surgery performed outside the SEER region 
 No surgeon identification number 

Simunovic 
2006 

 All patients with new diagnosis of the 
described cancer types 
 Period of diagnosis: 1991–1993 
 Performed breast cancer surgery 

 Prior cancer diagnosis, except in patients < 
20 years of age 

van 
Leeuwen 
2018 

 Female sex 
 Age ≥ 16 years 
 Breast cancer diagnosis of an invasive or in 

situ carcinoma 
 Women who received breast-conserving 

surgery as the 1st therapy at an NSW 
(Australia) hospital 
 Surgery (BCS) performed between 1 Jul 

2002 and 31 Mar 2014 

 1st BCS before 1 Jul 2002 
 1st BCS after 21 Dec 2013 
 Death within 90 days 
 Not resident of NSW 

Vrijens 
2012 

 Female sex 
 Invasive breast cancer 
 Hospital treatment between 2004 and 2006 

 Patients who could not be allocated to any 
hospital  

BCS: breast-conserving surgery; DCIS: ductal carcinoma in situ; IDC: invasive ductal carcinoma, N/A: not 
available; NSW: New South Wales; SEER: Surveillance Epidemiology and End Results (SEER) Programme 

 

5.3.6 Study population 

The population characteristics of the studies included to answer research question 1 are 
presented in Annex B, Tables 18 through 27, of the full report and summarized below. 

The number of patients included in the studies ranged from 2206 (McCahill 2012) to 1 064 251 
(Greenup 2018). Included patients were aged between 16 and over 66 years. The analyses of 
all studies except for Greenup 2018 and Simunovic 2006 examined an exclusively female 
population. 

Furthermore, the 10 studies investigated different forms of breast cancer and focused on 
different surgical procedures for the treatment of breast cancer. Table 6 and Table 7 provide an 
overview of the included breast cancer stages and the considered surgical procedures. 
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Table 6: Overview of the breast cancer stages considered in the studies 
Study Included breast cancer stages (specifications) 
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Allgood 2006 ● ● ● ● ● ● ● ● ● 
Gilligan 2007 - - - - - ● ● - - 
Greenup 2018 ● ● ● - ● ● ● ● - 
Gutierrez 2008 ●c - - - - - - - - 
Isaac 2016b ● ● ● ● ● ● ● ● ● 
McCahill 2012 ● - - - - - - - - 
Nattinger 2007 ● - - - - ● ● - - 
Simunovic 2006b ● ● ● ● ● ● ● ● ● 
van Leeuwen 2018 ● ● - - - - - - - 
Vrijens 2012 ● - - - - - - - - 
● Data were reported. 
- No data were reported. 
a: System according to AJCC. 
b: Breast cancer not specified. 
c: For ductal tumours only.  
AJCC: American Joint Committee on Cancer; DCIS: ductal carcinoma in situ 

 

Table 7: Overview of surgical procedures considered in the studies 
Study Surgical procedure considered (specifications) 
 Mastectomy BCS Axillary dissection SLNB 

Allgood 2006 ● ● - - 
Gilligan 2007 ● ● - - 
Greenup 2018 ● ● - - 
Gutierrez 2008a ● ● ● ● 
Isaacs 2016 - ● - - 
McCahill 2012 - ● - ● 
Nattinger 2007a ● ● ● ● 
Simunovic 2006a ● ● ● ● 
van Leeuwen 2018 - ● - - 
Vrijens 2012a ● ● ● ● 
● Data were reported. 
- No data were reported. 
a: Procedure was not specified. 
BCS: breast-conserving surgery; SLNB: sentinel lymph node biopsy 
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5.3.7 Relevant outcomes 

All included studies reported usable data on relevant outcomes. Regarding any correlation 
between VoS and mortality, results were available on overall survival or all-cause mortality and 
on (non-)breast cancer mortality. For the outcome category of morbidity, studies reported 
results on reoperation, including the need for re-excision. 

None of the included studies supplied results on the outcomes of adverse effects of therapy, 
development of local recurrence, disease-free survival, or health-related quality of life. 

Table 8 below plainly presents all relevant outcomes of the studies. 

Table 8: Matrix of the relevant outcomes with reported results 
Study Outcomes 
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Allgood 2006 ● ● - - - - - - - 
Gilligan 2007 ● ● - - - - - - - 
Greenup 2018 ● - - - - - - - - 
Gutierrez 2008 ● - - - - - - - - 
Isaacs 2016 - - - - ● - - - - 
McCahill 2012 - - - - ● - - - - 
Nattinger 2007 ● ● - ● - - - - - 
Simunovic 2006 ● - ○ - - - - - - 
van Leeuwen 2018 - - - - ● - - - - 
Vrijens 2012 ● - - - - - - - - 
● Data were reported and were usable. 
○ Data were reported but were not usable for the investigation. 
- No data were reported. 
a: Includes data on reoperation after BCS in general, mastectomy (as reoperation) and re-excision. 
BCS: breast-conserving surgery 
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5.4 Assessment of the informative value of results 

Table 9 presents the informative value of results. For 1 study (Greenup 2018), the informative 
value of results was rated as high. Key factors behind this rating were an appropriate risk 
adjustment, a large and representative population, adequate statistical methods, and definition 
of threshold values. 

For all other included studies, the informative value of results was rated as low. This rating was 
largely due to a lack of consideration of relevant risk factors or low quality and incompleteness 
of the data used. 

Table 10 and Table 11 present an overview of the relevant risk factors taken into account in the 
studies. 

Age was a factor used in the risk adjustment of all studies. Further patient factors considered in 
almost all studies were patient comorbidities and family history. As relevant tumour factors, 
the analyses particularly took into account tumour size and lymph node status (see Table 10). 
Three studies adjusted their analyses for the main treatment method, and 2 other studies 
additionally adjusted for the administration of radiotherapy, chemotherapy, and hormone 
therapy. Only 2 studies included risk factors on the doctor level in their investigation. While 
4 of the included studies adjusted their investigations for hospital type, 5 studies included the 
location of the respective hospital as a risk factor into their analyses (see Table 11). 

All studies described the method used to take into account cluster effects. Allgood 2006 referred 
only to the STATA statistics software (1999) and the fact that cluster effects were taken into 
account in the regression model through a standard option of the programme. All studies 
reported effect estimators and confidence intervals. Three studies additionally reported p-
values. Gilligan et al. and Nattinger et al. also reported on significance. In one study (McCahill 
2018), model quality was checked. 
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Table 9: Informative value of results 
Study 
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Allgood 
2006 

No Unclear Continuous No Yes Yes Yes Unclear No Unclear Yes In part  Primary study goal: VoS 
and treatment quality 
 Unclear participation 

requirement 
 No evidence of selective 

reporting 

Low 

Gilligan 
2007 

No Yes Categorical  Yes Yes Yes No  No No Unclear In part Yes  Primary study goal: VoS 
and treatment quality 
 Participation required 
 No evidence of selective 

reporting 

Low 

Greenup 
2018 

Yes Yes Categorical Yes Yes Yes Yes No No Unclear In part Yes  Primary study goal: VoS 
and treatment quality 
 Voluntary participation 
 No evidence of selective 

reporting 

High 

Gutierrez 
2008 

No Unclear Categorical Yes Yes Yes Yes Unclear No Unclear Yes Yes  Primary study goal: VoS 
and treatment quality 
 Hospitals are legally 

required to report all 
cancer cases to the registry 
 No evidence of selective 

reporting 

Low 

(continued) 
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Table 9: Informative value of results (continued) 
Study 
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Isaacs 
2016 

No Yes Categorical Yes Yes Yes No Yes No Unclear In part   Primary study goal: VoS 
and treatment quality 
 Participation required 
 No evidence of selective 

reporting 

Low 

McCahill 
2012 

No Yes Categorical No Yes Yes Yes Unclear Yes Unclear Yes Yes  Primary study goal: VoS 
and treatment quality 
 Unclear participation 

requirement 
 No evidence of selective 

reporting 

Low 

Nattinger 
2007 

No Yes Categorical Yes Yes Yes No Unclear No  Unclear In part Yes   Primary study goal: VoS 
and treatment quality 
 Participation required 
 No evidence of selective 

reporting 

Low 

Simunovic 
2006 

Yes Unclear Categorical Yes Yes Yes No Unclear No Unclear Yes Yes  Primary study goal: VoS 
and treatment quality 
 Hospitals are legally 

required to report to the 
registry 
 No evidence of selective 

reporting 

Low 

(continued) 
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Table 9: Informative value of results (continued) 
Study 
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van 
Leeuwen 
2018 

Uncl
ear 

Yes Categorical No Yes Yes No  Unclear No Unclear In part Yes  VoS and treatment quality 
not the primary study 
objective 
 Participation required 
 No evidence of selective 

reporting 

Low 

Vrijens 
2012 

Yes Yes Categorical Unclear Yes Yes No No No Unclear In part Yes  Primary study goal 
 Unclear participation 

requirement 
 No evidence of selective 

reporting 

Low 

VoS: Volume of services 
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Table 10: Matrix of risk factors considered in the adjustment (patient level) 
Study Considered risk factors 
 Patients 
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Allgood 2006 ● - - - - - - - - - - - - - - - ● - - ○ ○ - ● ○ - ● 
Gilligan 2007 ● - ● ● ● - - ● - - - ● ● - - - - - - ● ● - - ● ● - 
Greenup 2018 ● ● ● ● ● - - - - ● - - - ● ● - - - ● ● - - - - ● - 
Gutierrez 2008 ● - - ● - - - - - - - - - - - - - - - ● ● - ● ● - - 
Isaacs 2016 ● - ● ● - - - - - - - - - ● - ● - ● - - - - ● - - - 
McCahill 2012 ● - - ● - - - - - - - - - ● - - - - - ● - - - - - - 
Nattinger 2007 ● - ● ● - - - ● - - - - ● - - - - - - ● ● - - ● ● - 
Simunovic 2006 ● ● ● - - ● - - ● - - - - - - - - - - ●a ●a - - - - - 
van Leeuwen 
2018 

● - ● ● - - ● - ● - ● - - - - ● - - - - - - ● - - - 

Vrijens 2012 ● - - - - - - - - - - - - - - - - - - ● ● ● - ● - - 
● Risk factor taken into account in the adjustment. 
○ Taken into account in the adjustment only for invasive tumours. 
- No adjustment made for this risk factor. 
a: Adjustment for only a subset of the cohort. 
SES: socioeconomic status 
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Table 11: Matrix of risk factors taken into account in the adjustment (procedural, provider, 
and hospital levels) 

Study Considered risk factors 
 Procedure Treatment provider Hospital 
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Allgood 2006 ● - - - - - ○ - - ● - ● - - - 
Gilligan 2007 - - - - - - - - - - - ● - ● - 
Greenup 2018 ● - - - - ● ● ● - - - - ● ● ● 
Gutierrez 2008 ● - - - - ● ● ● - - - - ● - - 
Isaacs 2016 - - - - - - - - ● - ● - - - - 
McCahill 2012 - - ● - - - - - - - - - - ● - 
Nattinger 2007 - - - - - - - - - - - ● - ● - 
Simunovic 2006 - - - - - - - - - - - - ● - - 
van Leeuwen 2018 - ● - - - - - - - - - - ● ● - 
Vrijens 2012 - - - - - - - - - - - - - - - 
● Risk factor taken into account in the adjustment. 
○ Taken into account in the adjustment only for invasive tumours. 
- No adjustment made for this risk factor. 

 

5.5 Results on relevant outcomes 

The results on the outcomes relevant for the report are presented below. As described in Section 
5.3.7, the informative value of results is high for one study and low for all other usable studies. 

5.5.1 Results on mortality 

5.5.1.1 Results on the outcome of all-cause mortality 

Seven out of the 10 included studies reported results on the outcome of all-cause mortality (see 
Table 12). One of the studies with results on the outcome of all-cause mortality (Greenup 2018) 
was assessed as having a high informative value of results. 

Results on the hospital level 
In the Greenup 2018 study, a comparison of the highest versus lowest VoS categories showed 
a statistically significant difference in favour of hospitals with a high VoS for all-cause 
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mortality, at a follow-up of up to 11 years. The VoS was considered high if more than 298 
patients were treated annually per hospital site. Low VoS was defined as fewer than 148 treated 
patients per year and hospital site. A comparison with the intermediate category (148 to 298 
patients) was not performed. 

Other supportive results on the hospital level were reported by 5 included studies of a low 
informative value of results. The studies’ follow-up periods were between 3 and 10 years. The 
VoS categories used differ considerably from the threshold values used by Greenup et al. 

A statistically significant difference in favour of hospitals with a high VoS was found in the 
Gilligan 2007 and Gutierrez 2008 studies. The Vrijens 2012 study also reports a statistically 
significant difference in favour of the highest VoS category in comparison with the two low 
VoS categories as regards overall survival after 5 years. In a comparison with the intermediate 
VoS category (100 to 149 patients), however, no statistically significant difference in favour of 
the higher VoS category was found. 

For overall survival, the Simunovic 2006 study showed a statistically non-significant difference 
between hospital VoS categories. Simunovic et al. report results for a comparison of the low 
versus the highest VoS categories. 

Similarly, in a continuous analysis per VoS increase by 10 patients or for a subpopulation of 
2121 patients with exclusively invasive tumours, Allgood et al. were unable to find a 
statistically significant difference on the hospital level. 

Results on the doctor level 
For the VoS per doctor, Allgood 2006 and another study of low informative value of results 
(Nattinger 2007) additionally report the following: 

For a continuous VoS increase by 10 patients per doctor, Allgood et al. report a statistically 
significant difference in favour of a higher VoS. Furthermore, Allgood et al. present results for 
a subpopulation of 2121 patients with invasive tumours. At a continuous VoS increase by 
10 patients per doctor, a statistically significant difference in favour of higher case numbers 
was reported for this subpopulation as well. 

Over a median follow-up period of 50 months, Nattinger 2007 showed a statistically significant 
difference in favour of the highest VoS category (≥ 10 cases) per doctor only in comparison 
with the low VoS category. For the intermediate category (5 to 10 cases), it was not possible to 
report a significant difference. 

Summary 
In summary, for all-cause mortality, the studies showed a correlation between VoS and 
treatment quality in favour of higher VoS. The results show lower all-cause mortality in higher 
VoS categories: Results on statistically significant differences between hospital VoS in favour 
of a high VoS were reported by one study with high informative value of results (Greenup 
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2018). The results of five studies of low informative value of results supported or did not call 
into question those results, but their VoS categories differed considerably. On the doctor level, 
2 studies of a low informative value of results revealed a correlation as well, with their results 
showing lower all-cause mortality in higher VoS categories. 
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Table 12: Results – all-cause mortality after breast cancer surgery 
Study Definition of outcome 

Follow-up 
N VoS specification  Mortality rate, raw 

n (%) 
Adjusted hazard ratio 
[95% CI]; p-value 

Allgood 2006 N/A 
Follow-up [median]: 3 years 

All tumours (DCIS and invasive) 
2705 Per VoS increase by 10 patients per 

year 
203 (7.5a) Doctor level: 

0.90 [0.84; 0.97]; 0.008 
Hospital level: 
1.04 [0.98; 1.12]; 0.213 

Invasive tumours 
2121 Per VoS increase by 10 patients per 

year 
 
181 (8.5) 

Doctor levela: 
0.91 [0.84; 0.98]; 0.011 
Hospital levelb: 
1.003 [0.996; 1.010]; 0.38 

Gilligan 2007 Time from diagnosis to death 
or end of study 
Follow-up [mean]: 62.5 
months 

11 225 VoS per hospital and year: 
Low VoS, 0–19 patients 
Intermediate VoS, 20–39 patients 
High VoS, ≥ 40 patients 

 
1036 (28.8) 
946 (25.6) 
919 (23.4) 

 
Reference 
N/Ac 
0.83 [0.75; 0.92]; < 0.05 

Greenup 
2018 

Time from diagnosis to death 
or last follow-up [maximum] 
11 years 

1 064 251 VoS per hospital and year: 
Low VoS, < 148 patients 
Intermediate VoS, 148–298 patients 
High VoS, > 298 patients 

OS raw d, n (%): 
475 024e (87) / 382 204e (70) 
294 665e (90) / 245 554e (75) 
173 665e (91) / 146 948e (77) 

 
Reference 
N/A 
0.89 [0.84; 0.96]; N/A 

Gutierrez 
2008 

Time from diagnosis to death 
or last follow-up [maximum]: 
10 years 

23 745f VoS per hospital and 7 years: 
Low VoS, < median 
High VoS, > median 

 
12 433e (77)d / 10 173e (63)d 
6154e (81)d / 5243e (69)d 

 
Reference 
0.90 [0.83; 0.98]; 0.02 

Nattinger 
2007 

N/A 
Follow-up [median]: 50 
months 

12 216 VoS per doctor and year: 
Low VoS, 0–4 patients 
Intermediate VoS, 5–<10 patients 
High VoS, ≥ 10 patients 

 
63.4g, h 
52.5g, h 
44.7g, h 

 
Reference 
0.94 [0.85; 1.03]i; N/A 
0.86 [0.77; 0.97]i; < 0.05 

(continued) 
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Table 12: Results – all-cause mortality after breast cancer surgery (continued) 
Study Definition of outcome 

Follow-up 
N VoS specificationa  Mortality rate, raw 

n (%) 
Adjusted hazard ratio 
[95% CI]; p-value 

Simunovic 
2006 

Long-term survival: 
Time from hospital admission 
to death or last follow-up 

979j, k VoS per hospital and 3 years: 
Low VoS, ≤ 102 patients 
Low to intermediate VoS, 103–158 
patients 
Intermediate to high VoS,159–264 
patients 
High VoS, ≥ 265 patients 

 
N/A 
N/A 
N/A 
N/A 

 
1.3 [0.8; 1.9]; 0.27l 
N/A 
N/A 
Reference 

Vrijens 2012 Overall survival after 5 years  25 178 VoS per hospital and year: 
Very low VoS, < 50 patients 
Low VoS, 50–99 patients 
Intermediate VoS, 100–149 patients 
High VoS, ≥ 150 patients 

OS raw: 
3772e (74.9) 
4377e (78.8) 
3996e (79.8) 
8037e (83.9) 

 
1.26 [1.12; 1.42]l, N/A 
1.15 [1.01; 1.30]l; N/A 
1.10 [0.98; 1.24]l; N/A 
Reference 

a: Values taken from table; conflict with information in body of text. 
b: Value taken from body of text; information in table is contradictory and apparently faulty. 
c: No calculation possible due to violation of the proportional hazards assumption. 
d: After 5 years / 10 years. 
e: IQWiG calculation. 
f: Total number of patients: 24 834.  
g: Deaths per 1000 person-years. 
h: 2753 total deaths. 
i: Contradictory data on effect measures. 
j: Analysis excluding patients with events for in-hospital death. 
k: Usable results only for a subset of the cohort with adequate adjustment; a total of 14 346 patients were included. 
l: Values > 1 mean an advantage for hospitals with high VoS. 
CI: confidence interval; N: number of analysed patients; n: number of patients with an event; N/A: not available; n.s.: not significant; OS: overall survival; VoS: 
volume of services 
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5.5.1.2 Results on the outcome of breast cancer mortality 

On breast cancer mortality, only 3 studies of low informative value of results delivered usable 
data (see Table 13). 

Results on the hospital level 
The Gilligan 2007 and Nattinger 2007 studies each presented results on the basis of hospital 
VoS. In the multivariate analyses, both studies showed differences in favour of hospitals with 
a high VoS when comparing all VoS categories with the lowest category. In the Gilligan 2007 
study, the determined differences in favour of higher VoS were statistically significant. 

Results on the doctor level 
On the doctor level, none of the differences reported by Nattinger 2007 and Allgood 2006 were 
statistically significant. 

Summary 
In summary, for the outcome of breast cancer mortality, it is possible to derive a correlation 
between hospital VoS and treatment quality in favour of higher VoS. The correlation was 
derived on the basis of statistically significant results of one study. Another study presented 
results that did not numerically contradict the former study. Both studies were assessed as 
delivering a low informative value of results. The results therefore show lower breast cancer 
mortality in higher VoS categories. On the doctor level, it was not possible to derive any 
correlation between VoS and treatment quality from any study for this outcome. 
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Table 13: Results – breast cancer mortality after breast cancer surgery 
Study Definition of outcome 

Follow-up 
N VoS specification  Mortality rate, raw 

n (%) 
Adjusted hazard ratio 
[95% CI]; p-value 

Allgood 
2006 

N/A 
Follow-up [median]: 3 years 

All tumours (DCIS and invasive) 
2705 Continuous analysis per increase of VoS 

by 10 patients per year 
120 (4.4) Doctor level: 

0.91 [0.82; 1.00]; n.s. 
Hospital level: 
N/A 

Invasive tumours only 
2121 Continuous analysis per increase of VoS 

by 10 patients per year 
113 (5.3) Doctor level: 

0.991 [0.981; 1.001]; 0.08 
Hospital level: 
N/A 

Gilligan 
2007 

Time from diagnosis to death or end 
of study 
Follow-up [mean]: 62.5 months 

11 225 VoS per hospital and year: 
Low VoS, 0–19 patients 
Intermediate VoS, 20–39 patients 
High VoS, ≥ 40 patients 

 
263a (7.3) 
203a (5.5) 
244a (6.2) 

 
Reference 
0.80 [0.66; 0.97]; N/A 
0.78 [0.64; 0.96]; N/A 

Nattinger 
2007 

N/A 
Follow-up [median]: 50 months 

12 216b 
4524 
4456 
3236 
 
3591a 
3701 
3934 

VoS per doctor and year: 
Low VoS, 0–4 patients 
Intermediate VoS, 5–9 patients 
High VoS, ≥ 10 patients 
VoS per hospitalf and year: 
Low VoS, < 20 patients 
Intermediate VoS, 20–39 patients 
High VoS, ≥ 40 patients 

 
17.4c, d 
15.7c, d 

13.0c, d 
 
N/A 
N/A 
N/A 

 
Reference 
1.00 [0.84; 1.20]e; n.s. 
0.94 [0.76; 1.16]e; n.s. 
 
Reference 
0.83 [0.68; 1.01]e; N/A 
0.84 [0.68; 1.03]e; N/A 

a: IQWiG calculations. 
b: The final analysis is missing 99 cases. 
c: Per 1000 person years. 
d: 760 total deaths.  
e: Contradictory data on effect measures. 
f: The focus of the analysis is on doctor VoS. 
CI: confidence interval; N: number of analysed patients; n: number of patients with an event; N/A: not available; n.s.: not significant; VoS: volume of services  
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5.5.1.3 Results on the outcome of other-cause mortality 

A study of low informative value of results (Nattinger 2007) presented results on other-cause 
mortality (see Table 14). 

Results on the hospital level: 
No statistically significant differences could be reported for hospital VoS. 

Results on the doctor level 
On the doctor level, for the comparison of the lowest versus highest VoS category, a statistically 
significant difference in favour of high VoS was shown. 

Summary 
In summary, for other-cause mortality, data of low informative value of results can be used to 
derive a correlation between doctor VoS and treatment quality in favour of higher VoS. The 
results show lower other-cause mortality in higher VoS categories. In contrast, no correlation 
can be derived for this outcome between hospital VoS and treatment quality. 
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Table 14: Results – other-cause mortality after breast cancer surgery 
Study Definition of outcome 

Follow-up 
N VoS specification  Mortality rate, raw 

n (%) 
Adjusted hazard ratio 
[95% CI]; p-value 

Nattinger 
2007 

N/A 
Follow-up [median]: 50 months 

12 216a VoS per doctor and year: 
Low VoS, 0–4 patients 
Intermediate VoS, 5–9 patients 
High VoS, ≥ 10 patients 
 
VoS per hospitale and year: 
Low VoS, < 20 patients 
Intermediate VoS, 20–39 patients 
High VoS, ≥ 40 patients 

 
46.0b, c 
36.8b, c 
31.7b, c 
 

N/A 
N/A 
N/A 

 
Reference 
0.91 [0.81; 1.02]d; N/A 
0.86 [0.75; 0.98]d; < 0.05 
 

Reference 
0.99 [0.88; 1.12]d; N/A 
0.89 [0.78; 1.02]d; N/A 

a: The final analysis is missing 99 cases. 
b: Per 1000 person years. 
c: 1894 total deaths. 
d: Contradictory data on effect measures. 
e: The focus of the analysis is on doctor VoS.  
CI: confidence interval; N: number of analysed patients; n: number of patients with an event; N/A: not available; VoS: volume of services 
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5.5.1.4 Results on intraoperative in-hospital deaths 

Results on operative in-hospital death are available from the Simunovic 2006 study. However, 
these results were not usable due to a lack of risk adjustment on the tumour level for this 
outcome’s final analysis model. 

5.5.2 Results on morbidity 

Three studies of low informative value of results reported data on the outcome category of 
morbidity and the outcome of performance of reoperation (see Table 15). 

Results on the hospital level 
Van Leeuwen et al. report usable results on the hospital level. Supplementary data were 
presented both for all reoperations combined and broken down by mastectomy or re-excision 
as a second operation. 

For reoperation in general, the van Leeuwen 2018 study showed a statistically significant 
difference only in favour of an intermediate VoS in comparison with the lowest VoS category. 

Results on the doctor level 
For reoperation, Isaacs et al. and McCahill et al. report results on the doctor level. 

In the Isaacs 2016 study, a statistically significant difference in favour of a higher VoS was 
found when comparing the lowest versus the highest VoS category. In the McCahill 2012 study, 
reoperation was analysed on the basis of re-excision procedures performed. None of the VoS 
comparisons revealed any statistically significant differences. 

Summary 
In summary, for reoperation, a correlation was found between hospital VoS and treatment 
quality in a study of low informative value of results (van Leeuwen 2018), even for the 
intermediate VoS category. The results show reduced reoperation rates in higher VoS 
categories. When comparing the lowest versus the highest VoS category, this correlation 
apparently remains constant or does not numerically contradict the result, but it is no longer 
statistically significant. 

On the basis of one study (Isaacs 2016) of low informative value of results, a correlation 
between doctor VoS and treatment quality can be derived in favour of higher VoS for this 
outcome. The Isaacs 2016 study showed lower reoperation rates with increasing VoS. The 
results of the McCahill 2012 study did not lend themselves to reliable interpretation but did not 
call into question the results of the Isaacs 2016 study. 
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Table 15: Results – reoperation after breast cancer surgery 
Study Definition of outcome 

Follow-up 
N VoS specification Reoperation rate, raw 

n (%) 
Adjusted odds ratio 
[95% CI]; p-value 

Isaacs 2016 
 

Reoperation (repeat BCS or 
mastectomy) 90 days after the 
first surgical breast cancer 
treatment (BCS)  

89 448a 

All reoperations   
87 344 

30 235 
28 238 
28 871 

VoS per doctor and year: 
Low VoS, 0–13 patients 
Intermediate VoS, 14–33 patients 
High VoS, ≥ 34 patients 

 
10 655 (35.2) 
8354 (29.6) 
7931 (27.5) 

 
1.49a [1.19; 1.87]; N/A 
1.20a [0.93; 1.56]; N/A 
Reference 

McCahill 
2012 
 

Reexcision following BCS 
 

2220 
Reexcision 
1909b 

418 
815 
178 
498 

VoS per doctor and year: 
1st quartile: low VoS, 0–9.9 patients 
2nd quartile: intermediate VoS, 10–24.9 
patients 
3rd quartile: high VoS, 25.0–49.9 patients 
4th quartile: very high VoS, ≥ 50.0 
patients 

 
70 (16.8) 

112 (13.7) 
6 (3.4) 
54 (10.8) 

 
0.79 [0.31; 2.02]; N/Ac 
0.81 [0.32; 2.06]; N/Ac 
1.31 [0.31; 5.58]; N/Ac 
Reference 

(continued) 
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Table 15: Results – reoperation after breast cancer surgery (continued) 
Study Definition of outcome 

Follow-up 
N VoS specification Reoperation rate, raw 

n (%) 
Adjusted odds ratio 
[95% CI]; p-value 

van Leeuwen 
2018 

Reoperation (reexcision and/or 
mastectomy) 90 days after the 
first BCS 

34 458 
All reoperation procedures   

 
3278 
12 224 
18 956 

VoS per hospital and year: 
Low VoS, < 15 patients 
Intermediate VoS, 15-49 patients 
High VoS, ≥ 50 patients 

10 018 
1109 (33.8) 
3373 (27.6) 
5536 (29.2) 

 
Reference 
0.78 [0.64; 0.96]; N/A 
0.85 [0.66; 1.09]; N/A 

 Of which mastectomy as reoperation 
 

3278 
12 224 
18 956 

VoS per hospital and year: 
Low VoS, < 15 patients 
Intermediate VoS, 15–49 patients 
High VoS, ≥ 50 patients 

4872 
634 (19.3) 
1721 (14.1) 
2517 (13.3) 

 
Reference 
0.71 [0.59; 0.85]; N/A 
0.73 [0.57; 0.93]; N/A 

 Of which re-excision 
 

3278 
12 224 
18 956 

VoS per hospital and year: 
Low VoS, < 15 patients 
Intermediate VoS, 15–49 patients 
High VoS, ≥ 50 patients 

5146 
475 (14.5) 
1652 (13.5) 
3019 (15.9) 

 
Reference 
0.88 [0.69; 1.12]; N/A 
0.93 [0.69; 1.24]; N/A 

a: Results of the final analysis are based on a cohort of at most 63 931 out of 89 448 patients due to patient exclusion resulting from missing values. 
b: Data based only on negative resection margins.  
c: Cochran Armitage Trend Test result p = 0.92. 
BCS: breast-conserving surgery; CI: confidence interval; N: number of analysed patients; n: number of patients with an event; N/A: not available; VoS: volume of 
services 
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5.5.3 Results on adverse effects of therapy 

None of the included studies reported data on the outcome of adverse effects of therapy. 

5.5.4 Results on local recurrences 

None of the included studies reported data on the outcome of local recurrence. 

5.5.5 Results on disease-free survival 

None of the included studies reported data on the outcome of disease-free survival. 

5.5.6 Results on health-related quality of life 

None of the included studies reported data on the outcome of health-related quality of life. 

5.5.7 Metaanalyses 

A metaanalytical summary of results was not generated for any of the reported outcomes. 
Beyond their varying follow-up periods, the studies considerably differed particularly in the 
thresholds for the VoS categories as well as the adjusted risk factors. 

5.5.8 Subgroup characteristics and other effect modifiers 

The authors of the Greenup 2018 study (high informative value of results) conducted subgroup 
analyses for different age groups, tumour stages, hormone receptor statuses, and hormone 
therapy use, broken down by hospital VoS. 

For the various age groups and patients receiving hormone therapy, no statistically significant 
evidence of effect modification was available on the basis of an interaction test. For tumour 
stage and hormone receptor status, no interaction test results were reported. It therefore remains 
unclear to what extent there is an effect modification relative to the stage and hormone receptor 
status. 

In summary, an effect modification concerning any correlation between VoS and treatment 
quality was not found for any of the investigated subgroups. 
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Table 16: Results on subgroup characteristics – all-cause mortality after breast cancer surgery 
Study Definition of outcome N  Subgroup information Mortality rate, raw 

n (%) 
Adjusted hazard ratio 
[95% CI]; p-value 

Greenup 
2018 

Time from diagnosis to death or last 
follow-up [maximum] 11 years 

Age [years] Interaction test: not significant (p > 0.01) 
1 064 251  

18–40a, b 
41–55a, b 
56–69a, b 
70–90a, b 

 
N/A 
N/A 
N/A 
N/A 

 
0.90 [0.81; 1.01]; N/A 
0.87 [0.79; 0.95]; N/A 
0.89 [0.82; 0.96]; N/A 
0.90 [0.84; 0.96]; N/A 

Tumour stage  Interaction test: unclear 
1 064 251  

Stage 0b 
Stage Ib 
Stage IIa, b 
Stage IIIa, b 

 
N/A 
N/A 
N/A 
N/A 

 
0.79 [0.70; 0.89]; N/A 
0.87 [0.80; 0.94]; N/A 
0.92 [0.86; 1.00]; N/A 
0.95 [0.88; 1.04]; N/A 

Hormone receptor status Interaction test: unclear 
969 297  

ER+/PR+b 
ER+/PR−b 
ER–/PR+b 
ER–/PR−b 

 
N/A 
N/A 
N/A 
N/A 

 
0.87 [0.81; 0.94]; N/A 
0.89 [0.80; 0.98]; N/A 
0.96 [0.68; 1.09]; N/A 
0.95 [0.89; 1.02]; N/A 

Hormone therapy Interaction test not significant (p > 0.01) 
1 064 251  

Yesa, b 
Noa, b  

 
N/A 
N/A 

 
0.87 [0.80; 0.94]; N/A 
0.90 [0.86; 0.98]; N/A 

a: Values read off diagram. 
b: High versus low VoS. 
CI: confidence interval; ER: oestrogen receptor; N: number of analysed patients; n: number of patients with an event; N/A: not available; PR: progesterone receptor; 
VoS: volume of services 
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5.6 Overall evaluation of results 

For the outcome of all-cause mortality, a study of high informative value of results (Greenup 
2018) revealed statistically significant differences in favour of a higher hospital VoS. Five 
additional studies of low informative value of results support these results. 

Across studies, on the basis of 1 study of high informative value of results and 5 studies of low 
informative value of results, with studies showing similar results, but having a wide variation 
of VoS categories, a correlation between hospital VoS and treatment quality can be derived for 
this outcome. On the doctor level, a correlation was found for all-cause mortality in 2 other 
studies of low informative value of results. The results show all-cause mortality lower at a 
higher VoS, on both the hospital and doctor levels. 

For other mortality outcomes, results were available from studies of low informative value of 
results. 

For the outcome of breast cancer mortality, a correlation between hospital VoS and treatment 
quality was also derived on the basis of 2 studies with a follow-up period of 50 to 62.5 months. 
Across studies, all differences were in favour of a higher hospital VoS, and some were 
statistically significant. The results therefore show lower breast cancer mortality in higher VoS 
categories. Across studies, it was not possible to derive any correlation between VoS and 
treatment quality on the doctor level. 

For other-cause mortality, it was possible to derive a correlation between doctor VoS and 
treatment quality. The latter correlation was derived on the basis of only one study. No 
correlation between VoS and treatment quality in favour of a higher VoS on the hospital level 
can be derived for this outcome. The results on the doctor level show a decrease in other-cause 
mortality. 

In terms of morbidity, 3 studies reported the performance of reoperation as an outcome. For the 
outcome of reoperation in general, a correlation both on the hospital level and on the doctor 
level can be derived, each from 1 and 2 respective studies of low informative value of results. 
The results show lower reoperation rates in higher VoS categories. At the hospital level, any 
correlation between VoS and treatment quality was already derived on the basis of the 
comparison with the intermediate VoS. 

No data were available for further relevant morbidity-related outcomes (e.g. disease-free survival). 

No data were reported on health-related quality of life; therefore, for this outcome, no conclusion 
can be drawn on any correlation between hospital VoS and the quality of treatment outcome. 

Since no studies with meaningful interpretive value were found, it was not possible to draw a 
conclusion on the effects of minimum case numbers introduced for the surgical treatment of 
breast cancer on the quality of treatment outcomes. Table 17 presents an overview of all results 
on the outcomes. 
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Table 17: Overview – correlation between VoS and outcomes 
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Hospital level  ↑ (↑) - (↔) (↑)a - - - - 
Doctor level (↑) (↔) - (↑)a (↑)b - - - - 
Correlation between 
VoS and quality of 
treatment outcome 

Correlation 
between VoS and 

quality of 
treatment 

outcome can be 
derived on both 

levels. 

Correlation 
between VoS and 

quality of 
treatment 

outcome can be 
derived on the 
hospital level. 

No 
conclusion 

can be 
drawn. 

Correlation between 
VoS and quality of 
treatment outcome 

can be derived on the 
doctor level. 

Correlation between 
VoS and quality of 
treatment outcome 
can be derived on 

both levels. 

No conclusion can be drawn. 

↑: In 1 study of high informative value of results, a statistically significant difference was found for the outcome in favour of hospitals with higher VoS. Studies of 
low informative value of results show the same trend or do not call the correlation into question. 

(↑): One or more studies of a low informative value of results show, for at least one VoS comparison, a statistically significant difference regarding the outcome in 
favour of hospitals and/or doctors with high VoS. The numeric advantage in favour of a higher VoS was found across all studies. 

(↔): In studies of low informative value of results, no statistically significant differences between the hospitals or doctors with lower versus higher VoS were found 
for the outcome. 

-: The included studies did not report any (usable) results on this outcome. 
a: The results are each based on a study of low informative value of results. 
b: The results are based on 2 studies of low informative value of results, of which only 1 study permits a conclusive interpretation. 
VoS: volume of services 
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6 Discussion 

This report aimed to present and assess a potential correlation between VoS and quality of 
treatment outcomes for the surgical treatment of breast cancer as well as the effects of specific 
minimum volumes introduced in the healthcare system on the quality of the treatment outcome. 
The G-BA commissioned this report against the backdrop of a consultation procedure which was 
initiated to establish a minimum volume requirement for the surgical treatment of breast cancer. 

Usable data were found exclusively on a correlation between VoS and treatment quality. Since 
no studies of meaningful interpretive value were found, it was not possible to draw a conclusion 
on the effects of minimum case numbers introduced for the surgical treatment of breast cancer 
on the quality of treatment outcomes. Likewise, the included studies did not provide any 
information on palliative surgery cases. 

For assessing a correlation, results were available both per hospital and per doctor. The 
identified studies do not show the extent to which the observed differences in treatment quality 
were influenced by factors such as internal hospital processes and structures or individual 
doctor qualifications related to the number of treated breast cancer patients. 

Nattinger 2007 states that the correlation observed between VoS and treatment quality for the 
outcome of mortality is influenced particularly by factors such as patient comorbidities (e.g. 
cardiovascular death). For example, a significant correlation was found between VoS and 
treatment quality for the outcome of other-cause mortality, but not for the outcome of breast 
cancer mortality. The authors conclude that the observed benefit of a higher VoS might be 
overestimated. In the Greenup 2018 study with a high informative value of results, relevant 
confounders such as patient comorbidities were taken into account in a multivariate analysis. 
Furthermore, subgroup analyses of the Greenup 2018 study showed no evidence of an effect 
modification in any of the considered characteristics (see Section 5.5.8). Therefore, the results 
of the Greenup 2018 study, which show a correlation between VoS and all-cause mortality, are 
not considered to be called into question by the results of the Nattinger 2007 study. 

It was also found that the influence of VoS is not seen as a factor of a simple causal relationship, 
but rather part of a multifactorial constellation, depending on which level is considered and 
which conditions prevail in terms of the process and structure [42, 44]. 

For instance, Vrijens et al. have shown that treatment quality must be considered in a 
multifactorial constellation, not least due to the multidisciplinary process. In addition to the 
correlation between hospital VoS and all-cause mortality, the authors also investigated 11 process 
indicators. The influence of the VoS on various care processes such as the performance of 
neoadjuvant therapy or the percentage of breast-conserving operations was examined. Regarding 
the implementation of evidence-based care processes, a statistically significant difference was 
found in favour of facilities with a higher VoS for 6 out of 11 indicators [42]. Since no cluster 
effects were taken into account in the analysis of the implementation of care processes, it was not 
possible to take them into account in the presentation of results. 
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Any influence of VoS on treatment quality must be determined while controlling for other 
influencing factors [31, 44]. Therefore, studies were included only if they included a risk 
adjustment for relevant confounders. In addition to taking into account established risk factors 
such as age and sex, it was possible to identify disease-specific factors such as tumour size, 
tumour stage, or hormone receptor status. Inclusion required that, in addition to general risk 
factors, at least one disease-specific factor was taken into account in order to reflect the severity 
of the disease in the analysis. This means that in the study selection, studies which failed to 
reflect the severity of disease in their adjustment were excluded [45-50]. Since in the Simunovic 
2006 study, a risk adjustment by tumour factors was performed only in a subset of the cohort 
and presented only for the analysis of the outcome of all-cause mortality, the results on the 
outcome of operative in-hospital death were not usable. 

Beyond study inclusion, risk adjustment played a role in the assessment of the informative value 
of results. The assessment included the extent to which the clinical picture was reflected in the 
risk adjustment and the levels which were included in the risk adjustment. In this regard, 
4 levels (patient characteristics including tumour characteristics, procedure, hospital, and 
operating doctor) were identified. The informative value of results was rated high if an adequate 
adjustment existed on the levels relevant for the research question. Accordingly, to be rated as 
having a high informative value of results, it was sufficient if the levels taken into account 
included the patient, tumour, procedure, as well as either the hospital or doctor. The Vrijens 
2012 study, for instance, was rated as having a low informative value of results since 
adjustments had been made exclusively on the patient and tumour levels. 

In addition to adjusting for relevant risk factors, included studies had to consider cluster effects 
in their analyses. Some of the publications screened in full text conducted no analysis in 
consideration of cluster effects on the level of the hospital or the treating doctor and had to be 
excluded (e.g. [51, 52]). If an analysis fails to take into account cluster effects, patient data are 
analysed without considering the associated conditions on the hospital or doctor level. This can 
result in differences being overestimated and confidence intervals being estimated as too narrow 
since the results of individuals within the same hospital cannot be considered statistically 
independent [31]. For a study to be included, the consideration of cluster effects on either the 
hospital or doctor level sufficed. Since the Gentil 2012 study [53] considered cluster effects 
only in one analysis which was irrelevant for the research question of this report due to the 
outcomes examined, this study was excluded in the study selection process. 

Other studies (e.g. [54-57]) analysing the use of certain treatment procedures or combinations 
thereof (e.g. BCS and subsequent radiotherapy) as the outcome were excluded. This was 
because the selection and use of a procedure depend on many factors unrelated to the VoS, and 
these factors failed to be considered, even after adequate risk adjustment. Such factors include, 
for instance, hospital structures and the associated ability to offer a treatment or preferences of 
a patient who is involved in decision-making [19]. It is often impossible to adequately represent 
the interplay of such factors in a study. When investigating any correlation between VoS and 
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treatment quality, the use of a specific procedure could therefore not be considered a 
comparable outcome across studies. 

The breakdown into separate procedures was not taken into account in the interpretation of 
results for the outcome category of morbidity either. In the presentation of results on the 
outcome of reoperation, the results for different procedures are in fact listed, but an 
interpretation and the derivation of a correlation are provided only for reoperation in general, 
regardless whether mastectomy or re-excision were performed. The procedure chosen as the 
second operation depends not only on the result of the first operation, but also, among other 
things, on the procedure used for the first surgery and the patient’s preference of mastectomy 
over breast-conserving surgery [19, 58]. 

In contrast, a quality indicator established in Germany is lymph node dissection in DCIS and 
breast-conserving therapy [59]. The goal is to achieve the lowest possible percentage of breast 
cancer patients with DCIS and breast-conserving therapy who underwent axillary lymph node 
dissection. Among others, 3 studies [46, 47, 60] were identified which investigated any 
correlation between VoS and the performance of axillary dissection in patients with DCS [46, 
47, 60]. These studies had to be excluded due to a lack of risk adjustment for relevant 
confounders, not least because this quality indicator applies only to certain patients (patients 
with DCIS and breast-conserving therapy), which has to be taken into account in the selection 
of the population and the adjustment. Further quality indicators evaluated by IQTIG include 
performance of primary axillary dissection in DCIS, intraoperative specimen radiography, and 
determination of the hormone receptor status [59]. Since none of the included studies 
investigated the quality indicators established in Germany, and the results for the corresponding 
analysis by Vrijens et al. were not usable, it was not possible to present related results and take 
them into account when deriving any correlation between VoS and treatment quality [59]. 

In Germany, minimum case numbers per hospital site (100 primary cases) are not legally 
mandated but are in place as part of the DKG’s certification requirements for breast centres [9, 
10]. The DKG requirements are based, among other things, on the quality indicators established 
by the working group of the European Society of Breast Cancer Specialists (EUSOMA) [61, 
62]. It specifies the annual case volume as only one of a variety of requirements a hospital must 
meet to be certified as a breast centre. Other requirements relate, for instance, to employees’ 
individual qualifications, maintenance of tumour documentation, and the same-site availability 
of palliative care. Interdisciplinary collaboration is another part of the certification 
requirements, and various specialties like gynaecology, radiology, or oncology and their 
cooperation within the care process are taken into account. Accordingly, numerous different 
aspects of the care process are addressed in the breast cancer certification process with the goal 
of establishing good treatment quality [9, 10]. 

The fact that breast centre certification can play a role in the care process and may affect 
treatment quality has been shown, for instance, by the Schrodi 2015 study [63], which was 
excluded in this report for its failure to consider cluster effects. Furthermore, Geraedts et al. 
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[64] investigated changes in the care process due to the establishment of breast centres. The 
authors of the Geraedts 2013 study reported a lower percentage of breast cancer patients being 
treated in non-certified centres. 

Legally required minimum volumes have been established in France, for instance, where 
hospitals have to treat at least 30 cases annually [65]. The Rococo 2016 study [66], which was 
excluded due to its failure to consider cluster effects, investigated to what extent the rates of 
use of various surgical treatment procedures changed after the introduction of minimum volume 
rules. The study’s authors categorized treating hospitals by size and profile. The study reports 
that after the introduction of minimum case numbers, larger hospitals more often performed 
immediate breast reconstructions and sentinel lymph node biopsies than did smaller facilities. 

All included studies, except for Allgood 2006, conducted categorical analysis on the basis of 
VoS categories, which were defined by thresholds. The VoS category thresholds selected by 
the studies varied greatly, not least because they were formed arbitrarily or using different 
procedures. Thresholds on the hospital level were between <15 (van Leeuwen 2018) and <148 
patients (Greenup 2018) for the lowest category and between ≥ 40 (Gilligan 2007, Nattinger 
2007) and ≥ 298 cases (Greenup 2018) for the highest. The thresholds for the lowest VoS per 
doctor were between ≤ 5 (Nattinger 2007) and ≤ 13 patients (Isaacs 2016), and for the highest 
category, between ≥ 10 (Nattinger 2007) and ≥ 50 (McCahill 2012). 

Further, 8 out of the 10 included studies were conducted outside Europe, 6 of which in the 
United States [34-41]. Healthcare structures in other countries differ from those in Germany. 
For instance, the specialties’ involvement in the breast cancer treatment process differ between 
Germany and the USA. Therefore, the studies are not fully transferable to the German 
healthcare system. Subgroup analyses in the Greenup 2018 study (high informative value of 
results) showed that characteristics such as differences in the healthcare structure (health 
insurance) do not represent effect modifiers. Therefore, the results do not necessarily entirely 
rule out transferability to the German healthcare context. 

Likewise, some of the included studies reported results on data which were more than 20 years 
old when the report was generated. Hence, the question is to what extent their results adequately 
reflect current treatment and quality standards and advances in breast cancer treatment. 

In summary, on the basis of the included studies, it was possible to derive a correlation between 
VoS and treatment quality, particularly for all-cause mortality since a study of high informative 
value of results was available on this outcome. These study results show lower all-cause 
mortality in higher VoS categories. For other outcomes, correlations were derived as well, but 
they are based on studies of a low informative value of results. Again, the results showed lower 
mortality or morbidity, either on the hospital or doctor level, in higher VoS categories. Studies 
with meaningful interpretive value would be helpful, particularly in case of the introduction of 
minimum volume rules, in order to be able to determine any influence of the VoS and specific 
effects of any minimum volume introduced. 
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7 Conclusion 

For the investigation of any correlation between VoS and treatment quality in the surgical 
treatment of breast cancer, a total of 10 studies were included. One of the 10 included studies 
was assessed as having a high informative value of results. 

For the outcome of all-cause mortality, based on a high informative value of results, a 
correlation between both hospital and doctor VoS and treatment quality was derived. Hence, a 
higher VoS is associated with lower mortality rates. For other mortality outcomes (breast cancer 
mortality and other-cause mortality), based on a low informative value of results, a correlation 
was found either only on the hospital level or only on the doctor level. Again, the results showed 
lower mortality for these levels. 

With respect to performing a reoperation, based on a low informative value of results, it was 
possible to derive a correlation between both doctor and hospital VoS and treatment quality. At 
the hospital level, a correlation between VoS and treatment quality was apparent even in 
comparison with the intermediate VoS category. The results show lower reoperation rates in 
higher VoS categories. 

No studies of meaningful interpretive value were found which investigated any correlation 
between VoS and treatment quality reflected by other outcomes, such as adverse effects of 
therapy, local recurrence, disease-free survival, or health-related quality of life. Further, it was 
not possible to include studies of meaningful interpretive value investigating any effects of 
specifically introduced minimum case numbers. 
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Appendix A – Search strategies 

1. MEDLINE 
Search interface: Ovid 
 Ovid MEDLINE(R) 1946 to May Week 2 2019,  

 Ovid MEDLINE(R) Daily Update May 17, 2019  

# Searches 
1 Breast Neoplasms/ 
2 (breast adj3 cancer*).ab,ti. 
3 or/1-2 
4 ((minim* or high* or low or patient or outcome* or importance*) adj3 (volume* or 

caseload)).ab,ti. 
5 ((hospital* or center* or centre* or unit* or surgeon* or provider* or physician*) adj2 

(factor* or effect*)).ab,ti. 
6 ((hospital* or center* or centre* or unit*) adj5 (type or level or small* or size)).ab,ti. 
7 ((hospital* or center* or centre* or unit* or surgeon* or surgical* or physician* or 

provider*) adj2 (volume* or caseload* or experience* or characteristic* or 
performance*)).ab,ti. 

8 ((improve* adj2 outcome*) and (hospital* or center* or centre* or unit* or 
surgeon*)).ti,ab. 

9 ((surgeon* or surgical* or physician* or provider* or specialist*) adj3 
outcome*).ti,ab. 

10 (referral* adj3 (selective* or volume* or rate*)).ti,ab. 
11 or/4-10 
12 and/3,11 
13 12 not (exp animals/ not humans.sh.) 
14 13 not (comment or editorial).pt. 
15 ..l/ 14 yr=2000-Current 

 

Search interface: Ovid 
 Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 1946 to May 17, 2019, 

 Ovid MEDLINE(R) Epub Ahead of Print May 17, 2019 

# Searches 
1 (breast and cancer*).ab,ti. 
2 ((minim* or high* or low or patient or outcome* or importance*) adj3 (volume* or 

caseload)).ab,ti. 
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# Searches 
3 ((hospital* or center* or centre* or unit* or surgeon* or provider* or physician*) adj2 

(factor* or effect*)).ab,ti. 
4 ((hospital* or center* or centre* or unit*) adj5 (type or level or small* or size)).ab,ti. 
5 ((hospital* or center* or centre* or unit* or surgeon* or surgical* or physician* or 

provider*) adj2 (volume* or caseload* or experience* or characteristic* or 
performance*)).ab,ti. 

6 ((improve* adj2 outcome*) and (hospital* or center* or centre* or unit* or 
surgeon*)).ti,ab. 

7 ((surgeon* or surgical* or physician* or provider* or specialist*) adj3 
outcome*).ti,ab. 

8 (referral* adj3 (selective* or volume* or rate*)).ti,ab. 
9 or/2-8 
10 and/1,9 
11 10 not (exp animals/ not humans.sh.) 
12 11 not (comment or editorial).pt. 
13 ..l/ 12 yr=2000-Current 

 

2. Embase 
Search interface: Ovid 
 Embase 1974 to 2019 May 17 

# Searches 
1 exp Breast cancer/ 
2 (breast adj3 cancer*).ab,ti. 
3 or/1-2 
4 ((minim* or high* or low or patient or outcome* or importance*) adj3 (volume* or 

caseload)).ab,ti. 
5 ((hospital* or center* or centre* or unit* or surgeon* or provider* or physician*) adj2 

(factor* or effect*)).ab,ti. 
6 ((hospital* or center* or centre* or unit*) adj5 (type or level or small* or size)).ab,ti. 
7 ((hospital* or center* or centre* or unit* or surgeon* or surgical* or physician* or 

provider*) adj2 (volume* or caseload* or experience* or characteristic* or 
performance*)).ab,ti. 

8 ((improve* adj2 outcome*) and (hospital* or center* or centre* or unit* or 
surgeon*)).ti,ab. 

9 ((surgeon* or surgical* or physician* or provider* or specialist*) adj3 
outcome*).ti,ab. 

10 (referral* adj3 (selective* or volume* or rate*)).ti,ab. 
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# Searches 
11 or/4-10 
12 and/3,11 
13 12 not medline.cr. 
14 13 not (exp animal/ not exp human/) 
15 14 not (Conference Abstract or Conference Review or Editorial).pt. 
16 ..l/ 15 yr=2000-Current 

 

3. The Cochrane Library  
Search interface: Wiley 
 Cochrane Database of Systematic Reviews: Issue 5 of 12, May 2019 

 Cochrane Central Register of Controlled Trials: Issue 5 of 12, May 2019 

ID Search 
#1 [mh ^"Breast Neoplasms"] 
#2 (breast NEAR/3 cancer*):ti,ab 
#3 #1 or #2 
#4 ((minim* or high* or low or patient or outcome* or importance*) NEAR/3 (volume* 

or caseload)):ti,ab 
#5 ((hospital* or center* or centre* or unit* or surgeon* or provider* or physician*) 

NEAR/2 (factor* or effect*)):ti,ab 
#6 ((hospital* or center* or centre* or unit*) NEAR/5 (type or level or small* or 

size)):ti,ab 
#7 ((hospital* or center* or centre* or unit* or surgeon* or surgical* or physician* or 

provider*) NEAR/2 (volume* or caseload* or experience* or characteristic* or 
performance*)):ti,ab 

#8 ((improve* NEAR/2 outcome*) and (hospital* or center* or centre* or unit* or 
surgeon*)):ti,ab 

#9 ((surgeon* or surgical* or physician* or provider* or specialist*) NEAR/3 
outcome*):ti,ab 

#10 (referral* NEAR/3 (selective* or volume* or rate*)):ti,ab 
#11 #4 or #5 or #6 or #7 or #8 or #9 or #10 
#12 #3 and #11 with Cochrane Library publication date Between Jan 2000 and Dec 2019, 

in Cochrane Reviews, Cochrane Protocols 
#13 #3 and #11 with Cochrane Library publication date Between Jan 2000 and Dec 2019, 

in Trials 
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