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 Abstract 
  Background.  Several studies have reported an association between breast cancer unit volume and prognosis. We hypothesize 
that this may be due to inappropriate coping with the recommended guidelines for adjuvant therapy rather than improper 
breast cancer surgery provided at smaller units.  Methods.  A cohort of 1131 patients with operable breast cancer (pT 1-2  and 
positive axillary lymph nodes, stage II) enrolled between 1984 and 1994 were analyzed. The women had participated in 
one of three prospective trials on adjuvant endocrine treatment and were enrolled from 50 centers in Norway. The hospi-
tals were categorized into four groups according to the annual number of surgically treated breast cancer patients reported 
to the national discharge database in 1990. The hospitals were also stratifi ed according to whether they are university or 
non-university hospitals. To assess the effect of unit size on patient outcome, local recurrence rates and overall survival 
were compared in women treated at units with different patient volumes.  Results.  The median time from study enrolment 
to the end of the study was 10.5 years. Relapse-free survival and overall survival did not differ signifi cantly between the 
hospital groups based on the surgical workload or between university and non-university hospitals.  Conclusions.  Patient 
volume or teaching status of a hospital did not have any impact on the prognosis of pre- or postmenopausal stage II breast 
cancer patients included in the adjuvant endocrine trials. Our data support the hypothesis that differences in survival related 
to patient volume at the treatment units may be explained by inappropriate adjuvant systemic treatment.   

 The implementation of adjuvant therapy and, most 
likely, mammographic screening has improved breast 
cancer survival in Western countries [1 – 4]. Following 
the seminal report by Sainsbury et al. in 1995 [5] report-
ing an inferior outcome among patients treated in small 
surgical units, several reports have confi rmed their 
fi ndings [6 – 11]. Outcomes have been related to the 
individual surgeons, hospital patient volume [8], and 
whether treatment was administered at a cancer cen-
ter or in a general hospital. In contrast, a previous study 
from Norway comparing university and non-university 
hospitals [12], and one study from the US comparing 

larger and smaller surgical units [13], both revealed 
no difference in the outcomes in relation to case vol-
ume. However, both studies enrolled unselected patients, 
and any systematic variation with respect to medical 
therapy may not be accounted for. 

 We hypothesize that any differences regarding out-
come may refl ect suboptimal adjuvant therapy in smaller 
units due to a lack of adherence to recommended guide-
lines. Thus, we aimed to address two questions: 1) whether 
there are any differences in the relapse-free survival 
(RFS) and overall survival (OS) of patients treated at 
smaller versus larger hospitals, and 2) whether there 
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are any differences in outcome between breast cancer 
patients surgically treated at university versus non-
university hospitals. To address these questions, we 
evaluated the long-term outcomes of 1131 women with 
operable breast cancer enrolled in three different adju-
vant endocrine treatment trials and for whom individ-
ual adherence to adjuvant therapy was confi rmed.  

 Material and methods  

 Patients 

 Individual primary patient data from three prospective 
multicenter randomized trials [14 – 16] conducted by 
the Norwegian Breast Cancer Group (NBCG) between 
1984 and 1994 were used (Table I). All patients had 
operable (pT 1-2 ) axillary node-positive (pN � ), oestro-
gen (ER) and/ or progesterone receptor (PgR)-positive, 
or receptor unknown breast cancer. Three hundred 
and seventy, 320, and 489 patients were enrolled between 
January 1984 and February 1988 (study 1), January 
1989 and June 1994 (study 2), and March 1989 and 
December 1994 (study 3), providing a total of 1179 
patients of whom 1131 (96%) were eligible. The 48 
ineligible were included by mistake, i.e. protocol viola-
tion. The main reasons for being ineligible were other 
malignancies, node negativity or too large tumors (T3). 
At inclusion, the patients were less than 75 years of age 
(NBCG study 1), less than 50 years of age (study 2), and 
between 50 and 75 years of age (study 3) (Table I). 
Patient and tumor characteristics are shown in Table II. 

 The Regional Committee of Ethics in Oslo approved 
the three studies comprising this investigation, and 
informed consent was obtained from all included 
patients.    

 Treatment regimens and follow-up 

 Primary surgery included level I and II axillary lymph 
node dissection and either mastectomy (89%) or breast 
conservative surgery (11%). Chemo- and radiotherapy 
was employed according to national recommendations 
(NBCG, www.nbcg.no) at that time. 

 Adjuvant endocrine treatment (Table I) was tamox-
ifen versus control (study 1), tamoxifen versus luteiniz-
ing hormone-releasing hormone (LHRH) analogue 
(study 2), and tamoxifen versus sequential tamoxifen 
and megestrol acetate (MA) (study 3). 

 Follow-up included clinical examination every third 
month for two years, then every sixth month up to 
three years, and then annually thereafter until death, 
according to protocol [14 – 16]. The median time from 
study enrolment to the end of the study was 10.5 years 
(range 6.6 – 14.1 years). 

 Tamoxifen was given as Nolvadex® 20 mg daily, 
LHRH analogue as Zoladex® 3.6 mg monthly, and 
MA as Megace® 160 mg daily. For the cyclic treat-
ment arm (study 3), tamoxifen and MA were admin-
istered in alternating cycles of eight weeks. Adjuvant 
endocrine treatment was recommended and sched-
uled for two years. All patients had a normal chest 
x-ray and normal liver blood tests before inclusion in 
the study. 

 Tumour classifi cation was done according to the 
UICC: TNM classifi cation of malignant tumours, 
3rd edition, revised 1982. The last follow-up was 31 
December 1996, 15 February 2001, and 15 July 2002 
for studies 1, 2, and 3, respectively. 

 A clinical follow-up form was completed at every 
visit. The initial sites of loco-regional recurrence or dis-
tant metastases were recorded when confi rmed. Con-
fi rmation was made as follows:  chest wall or regional nodes : 
cytology or histology whenever possible;  bone : conven-
tional radiology or bone scan;  lungs : chest x-ray or 
computer tomography (CT) when appropriate;  liver : 
ultrasound and/or CT, confi rmed by cytology (FNAC) 
when necessary. Possible new ipsilateral cancers were 
included in the number of local recurrences.   

 Hospital volume and function 

 The inclusion of patients in the three studies varied 
considerably within single institutions, the number of 
patients included was not appropriate for the allocation 
of hospitals into size categories. Therefore, the SINTEF 

Table I. Number of eligible patients included in three multicenter randomized adjuvant trials of breast cancer in Norway 1984–1994.

Number of included 
patients by operating 

volumes (1990)

Number of evaluable 
patients by type of 
adjuvant therapy

NBCG Study [ref] Period of inclusion 1–50  �50 Total Control Tam LHRH Cyclic Tam/MA No. of hospitals

1 [14] 01.1984–02.1988 147 203 350 170 180 32
2 [15] 01.1989–06.1994 159 158 317 159 158 35
3 [16] 03.1989–12.1994 295 169 464 229 235 36

Total included, n 601 530 1131 170 568 158 235 50
Total included, % 53 47 100

TAM, Tamoxifen; LHRH, luteinizing hormone-releasing hormone agonist; MA, megestrol acetate; NBCG, Norwegian Breast Cancer Group.
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Unimed national discharge database for the year 1990 
was used for categorizing the hospitals into groups 
according to the number of surgically treated breast 
cancer patients (Table I) [17]. The year 1990 was con-
sidered representative for the time period (1984 – 1994) 
of these studies and, therefore, used as an index year. 

 In 1990, 64 hospitals offered surgical breast cancer 
treatment in our country [17]. Thirty two, 35, and 36 
hospitals enrolled patients in study 1, 2, and 3, respec-
tively, with a total of 50 different hospitals with eligible 
patients included in the present study (Table I). 

 For further evaluation of a possible impact of surgi-
cal volume on prognosis, the hospitals were categorized 
into various groups, such as 1 – 10, 11 – 30, 31 – 50, and 
51 �  number of yearly operated patients. Groups were 
also combined when analyzed. Each surgical department 
was also classifi ed as an academic unit (university hos-
pital) or a non-academic unit. Additional calculations 
and evaluations were done for hospitals with high inclu-
sion rates (approximately 25% of the study population) 
versus those with a low inclusion rate (approximately 
25% of the study population) (Table III). Calculations 
for different age groups were also performed.   

 Statistical methods 

 Descriptive statistics were presented as medians 
(range). The RFS and OS were estimated using the 

Kaplan-Meier method, and the groups were compared 
by log-rank tests. The expected important factors were 
included in the Cox proportional hazards regression 
model, and the analyses were performed with back-
ward stepwise elimination. P-values  �  0.05 were con-
sidered signifi cant. SPSS 15.0 for Windows was used 
for statistical calculations.    

 Results 

 A positive hormone receptor status (ER  �  and/or PgR � ) 
for the primary breast cancer was confi rmed in 959 
patients (85%) and an unknown receptor status in 
the remaining 172 patients. 

 The median number of lymph nodes removed was 
10 for high volume (n  �  50) units and university hos-
pitals versus 8 for low volume (n  �  1 – 50) units and non-
university hospitals (p  �  0.001). The median number 
of involved nodes was 2 (range 1 – 32), irrespective of 
annual treatment volume and type of hospital. How-
ever, the proportion of patients with  �  4 axillary lymph 
node metastases was signifi cantly higher at univer-
sity hospitals (34%) compared to low volume hospi-
tals (26%, p  �  0.01). Other variables, including tumor 
diameter, were evenly distributed between the defi ned 
groups (Table II). 

 At last follow-up (median 9 years, range 2 – 14 years), 
recurrent disease was diagnosed in 567 patients, 

Table II. Patient and tumour characteristics of evaluable patients randomized into adjuvant trials of breast cancer in Norway 1984–1994.

Annual operation volumes Hospital function

1–50 patients �50 patients p University Non-University p Total

Evaluable patients, n 601 530 483 648 1131
Hospitals, n 44 6 5 45 50
Age, years
 median 58.0 54.0 �0.001 55.0 57.0 �0.01 56.0
 range 23–75 22–75 22–75 23–75 22–75
Tumour size, cm
 median 2.2 2.2 2.2 2.3 2.2
 pT1, % 47 47 0.95 48 47 0.46 47
 pT2, % 53 53 51 53 53
Axillary lymph nodes
 no. of examined
  median 8.0 10.5 �0.001 10.0 8.0 �0.01 9.0
  range 1–34 1–36 2–36 1–32 1–36
 no. with metastases
  median 2.0 2.0 0.25 2.0 2.0 0.11 2.0
  range 1–30 1–32 1–32 1–25 1–32
 1–3 pos. LN, % 73 67 0.03 66 74 0.01 70
  �4 pos. LN, % 27 33 34 26 30
ER, fmol/mg protein
 median 76 48 0.02 48 67 0.10 58
 range 10–1772 10–1871 10–1871 10–1626 10–1871
Hormone receptor status
 ER � and/or PgR �, % 76 90  �0.001 85 85 0.44 85
Type of operation, %
 Mastectomy 92 84  �0.001 84 92 �0.01 89
 Breast Conservation 8 16 16 8 11

ER, oestrogen receptor; PgR, progesteron receptor.
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and 482 patients had died. The median follow-up for 
491 patients still alive without relapse of disease was 
8.4 years (range 1.9 – 13.8 years), and 9.5 years (range 
5.3 – 13.7 years) for 147 patients still alive at last follow-
up but with confi rmed recurrent disease. In total, 
145 patents had their fi rst recurrence on the chest wall 
or in the ipsilateral breast. 

 Univariate analyses with regard to RFS, cancer-
specifi c survival (data not shown), and OS did not show 
any signifi cant outcome differences according to surgi-
cal volume groupings, which was also true with regard 
to university and non-university hospitals (Table III). 
Neither did univariate analyses on subgroups (study 
1, 2, and 3; period of entrance, type of endocrine 
treatment if given, age, type of surgery, T-category, 
N-category) show survival differences (Figures 1 and 2). 

 For OS, the following variables were included in 
the Cox proportional hazard regression model: Oper-
ating volume (1 – 30 vs.  �  30 per year, or 1 – 50 vs.  �  50 
per year), age group, type of surgery (mastectomy vs. 
lumpectomy), study number (1, 2, and 3), T category 
(T 1  vs. T 2 ), lymph node metastases group (1 – 3 vs.  �  3 
positive lymph nodes), and endocrine treatment (yes vs. 
no; no only applying to the control group in study 1). 
The variables study number (the older patients in study 
3 having the worst outcome), T category, lymph node 
metastasis group, and endocrine treatment remained 
in the fi nal model. Operating volume did not remain in 
the fi nal model. 

 The same variables were included in the Cox pro-
portional hazard regression model for RFS. In the 
fi nal model, these variables remained: T category, lymph 

Table III. Survival data per operating volume (patients, pts) and hospital function category for patients randomised into adjuvant trials of breast 
cancer in Norway 1984–1994, with number of patients (n) in each category.

Category Overall results
1–50 pts 
n � 601

�50 pts 
n � 530

25% high 
quartile n � 324

25% low 
quartile n � 282

University 
n � 483

Non- University 
n � 648

RFS Median 7.0 7.1 6.9 6.6 7.0 6.9 7.0
CI 95% 6.3; 7.7 6.3; 7.9 5.7; 8.2 4.8; 8.4 5.9; 8.0 5.9; 8.0 6.1; 8.0
5 year, % 59 60 58 55 60 59 59
10 year, % 39 37 41 40 37 40 39

OS Median 10.1 9.8 10.4 10.3 9.9 10.3 10.1
CI 95% 9.4; 10.9 8.9; 10.8 9.2; 11.5 NA 8.7; 11.2 9.2; 11.5 9.2; 10.0

OS, overall survival; RFS, relapse-free survival; NA, not assessable.

No at risk 1-50: 601 559 478 390 245 81 6

No at risk > 50: 530 498 434 365 247 99 21

Figure 2. Overall survival for high volume surgical units (� 50 patients/
year, black line) versus low volume surgical units (1–50 patients/year, 
grey line). The number of patients still at risk is provided below the 
fi gure (p � 0.2).

No at risk 1-50: 601 491 386 307 180 55 3

No at risk > 50: 530 424 333 269 172 70 17
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  Figure 1.     Recurrence-free survival for high volume surgical units 
( �  50 patients/year, black line) versus low volume surgical units 
(1 – 50 patients/year, grey line). The number of patients still at risk is 
provided below the fi gure (p  �  0.8).  
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node metastasis group, and endocrine treatment. Oper-
ating volume did not remain in the fi nal model. 

 Because the control group (n  �  170) in study 1 did 
not receive adjuvant endocrine therapy, a separate uni-
variate analysis of RFS and OS was performed with-
out these 170 patients. No differences between high and 
low volume hospitals were found (data not shown). 

 43% of the patients received chemotherapy, and 
there was no difference between high and low volume 
hospitals. 

 Radiotherapy was given to 30% of the random-
ized patients, and signifi cantly more patients in high 
volume hospitals received radiotherapy. 

 There were no survival differences in the various 
age groups as  �  50 and  �  60 years, stratifi ed on hos-
pital size.   

 Discussion 

 The reported inferior outcome in low volume hospi-
tals [5 – 10] has been explained, in part, by inadequate 
surgery. In addition, concerns have been raised regard-
ing inappropriate or no adjuvant treatment at smaller 
units. Endocrine treatment and chemotherapy may each 
reduce the relapse rate and potential death from breast 
cancer by at least 30% if the patients are properly 
selected. Combining adjuvant chemotherapy and endo-
crine treatment may reduce breast cancer mortality 
by up to 50% [18]. Thus, quality control programs 
become imperative. 

 To our knowledge, this is the fi rst paper examining 
outcomes among breast cancer patients treated accord-
ing to prospective protocols with respect to type of cen-
ter and surgical work load. 

 At the time of inclusion in these protocols, breast 
cancer surgery was performed at 67 hospitals in 
Norway [17]. Consequently, the annual number of 
breast cancer patients treated in many units was low. 
This situation is mirrored in many other European 
countries and is encountered in many areas world-
wide [11,19]. 

 The fact that many of these low volume units 
participated in ongoing controlled, randomized trials 
enabled an evaluation of the outcomes of patients 
treated at small units, i.e. conducted within the study 
protocol and a quality control program with respect 
to compliance to adjuvant therapy. Fifty-two hospi-
tals enrolled patients into one or more of the adjuvant 
trials. 

 The high number of hospitals joining the trials 
reveals a high standard of the surgical services, because 
all patients were taken care of and randomized by the 
general surgeon in charge of the patient. 

 Concerning the treatment paths (treatment guide-
 lines by NBCG) of breast cancer patients, guidelines 
advised that all node-positive patients were given 

anti-oestrogens (tamoxifen) and short-term chemo-
therapy. There were no national differences in treat-
ment paths. 

 Less than one-third of patients received radio-
therapy, and this was more widely applied in high vol-
ume hospitals. If this should have impact on 
prognosis, small hospitals would be expected to do 
worse, which they did not. 

 Regarding the representative nature of these ran-
domized patients versus the entire breast cancer 
population during the same period of time, we found 
according to the Norwegian Cancer Registry (personal 
communication, Gry Skare) that a total of 3300 patients 
were eligible for the protocols based on their breast 
disease alone (stage and receptor status). Assuming that 
non-eligibility for various medical reasons or no con-
sent may affect 10% (low estimate) of these patients, 
the recruitment of a total number of 1179 patients 
is approaching 40%, which is much higher than the 
3 – 14% enrolled in similar studies in other countries 
[20,21]. The issue of selection of patients, based on 
these numbers, is assumed to be of minor importance. 

 Whether participation in a clinical trial may infl u-
ence outcome has been addressed by other studies. 
In two large meta-analyses [22,23] including trials 
for the treatment of various malignancies, outcomes 
were similar in trial participants compared to non-
participants. In these reports, the non-participants 
were recruited partly from the same hospitals and partly 
on a population basis, suggesting that they were treated 
at the same level of professional skill and (should be) 
anticipated to receive similar therapy whether enrolled 
in studies or not. 

 Our data support that strict guidelines for adju-
vant therapy are more important than hospital volume 
per se to achieve high quality standards in breast cancer 
treatment. This interpretation is in line with suggestions 
made by others, and in line with EUSOMA guidelines 
[22 – 24]. Thus, the results should not be interpreted 
in favor of an ignorant attitude towards surgical demands, 
but rather to highlight the importance of appropriate 
management and care for patients with respect to 
systemic therapy. 

 The high volume hospitals had more patients with 
  �  3 positive nodes (Table II). An explanation for the 
greater number of involved nodes in high volume 
hospitals may be the higher total number (10 vs. 8) 
of nodes removed. The higher number of removed 
nodes makes it more likely that a higher number of 
involved nodes may be found, increasing the propor-
tion of node-positive patients with  �  3 lymph nodes 
involved. This interpretation is supported by Raabe 
et al. [25]. In contrast to that study, others have 
claimed that an increasing number of uninvolved 
nodes are associated with a decreased risk of recur-
rence [26]. These potential effects may balance each 
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