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 Abstract 
  Background.  A prospective diagnostics and treatment protocol for extremity and trunk wall soft tissue sarcoma (STS) was 
introduced by the Scandinavian Sarcoma Group in 1986 and it was also widely adopted in Finland. We have updated the 
protocol and made it more detailed at the Helsinki University Central Hospital. We retrospectively compared diagnostics 
and treatment of STS in a nationwide population-based material to this protocol with special emphasis on local control. 
 Methods.  Data for 219 patients with an STS of extremity or trunk wall diagnosed during 1998 – 2001 was retrieved from 
the nationwide Finnish Cancer Registry. Histologic review was performed. Treatment centres were divided into high-, 
intermediate- and low-volume centres based on the number of patients with fi nal surgery during the study period.  Results.  
Signifi cantly more patients were operated with a preoperative histological or cytological diagnosis at high-volume centres. 
No preoperative diagnosis was a strong predictor for the patient to undergo more than one operation (p  �  0.0001). Wide 
surgical margin was achieved more often at high-volume centres, but in all centre categories a considerable percentage of 
patients with inadequate surgical margin did not receive adjuvant radiation therapy. Local control at fi ve years was 82% at 
high-volume centres, 61% at intermediate-volume centres treating highest percentage of deep tumours and 69% at low-
volume centres (p  �  0.046). Local control improved as the number of patients operated (surgical volume of the centre) 
increased.  Conclusion.  The present quality-control study is the fi rst nationwide population-based study to assess diagnostics 
and treatment of STS. When referred to a specialised sarcoma centre even patients with inadequate surgery can achieve 
good local control. STS is a rare cancer and its treatment should be centralised in Finland, which has 5.4 million inhabit-
ants and approximately 100 new STSs of extremities and trunk wall annually.   

 Soft tissue sarcoma (STS) is a rare disease. The diag-
nostics and treatment of STS is highly demanding. 
The importance of centralisation of diagnostics and 
treatment of this neoplasm is well recognised [1 – 5]. 
The Scandinavian Sarcoma Group (SSG) founded 
in 1979 recommends that all patients with deep 
tumours (tumours under the investing fascia or sub-
cutaneous tumours with fascial infi ltration) and 
patients with subcutaneous tumours larger than 5 cm 
should be referred to a sarcoma centre before any 
biopsy or surgery [6,7]. 

 Several studies have shown shortages in referral 
and preoperative imaging in patients treated outside 
a tertiary sarcoma centre [5] as well as in histopatho-
logical work-up [8]. Wide margin was achieved in 

66% of patients operated at a sarcoma centre and 
only in 11% operated outside a sarcoma centre [5]. 
Only 48% of the patients received postoperative 
radiation therapy as recommended after intralesional 
or marginal surgery [9]. None of the previous studies 
were nationwide and population-based. 

 The most important aim of the present study was 
to describe referral policy and treatment together 
with prognosis of STS in a fi rst nationwide popula-
tion-based material. Histologic review was also 
performed. SSG introduced treatment program for 
STS (SSG V) in 1986, and the protocol was widely 
adopted also in Finland. Our group has updated the 
protocol and made it more detailed. We have pub-
lished several reports of STS treatment results at the 
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Helsinki University Central Hospital (HUCH), for 
example adherence to treatment protocol [3,10], 
surgical outcome and survival [11], importance of 
adequate surgical margin [10] and feasibility of 
microvascular fl aps in reconstruction after STS resec-
tion [12]. In the present study, we compared diagnos-
tics and treatment of STS nationwide to the treatment 
protocol used at HUCH, deriving from the SSG rec-
ommendations. The important aim was to compare 
treatment results by centres categorised as high, inter-
mediate and low-volume centres based on surgical 
volume, with special emphasis on local control.  

 Material and methods 

 Data for patients diagnosed with a local soft tissue 
sarcoma of the extremity or trunk wall in Finland 
during 1998 – 2001 were retrieved from the nation-
wide population-based Finnish Cancer Registry. The 
time period of 1998 – 2001 was chosen in order to 
gain approximately 250 patients with a complete 
follow-up. The Finnish Cancer Registry was founded 
in 1952 and it covers the whole territory of Finland. 
The registry covers more than 99% of the solid 
tumours diagnosed in Finland [13]. The study was 
approved by the Joint Ethics Committee of HUCH 
and by the Ministry of Health and Social Affairs. 
Detailed clinical data was collected from the patient 
fi les and survival data by using nationwide death 
records from the Population Register Centre.  

 Setting 

 Finland (with an area of 338 400 km 2  and a population 
of 5.4 million) has approximately 300 primary health 
care centres with mainly general practitioners, 51 dis-
trict and central hospitals, and fi ve university hospitals. 
No exact public data was available for the number of 
private practitioners. HUCH has for long been respon-
sible for challenging STS treatment in Finland.   

 Treatment protocol  

 Referral .  All patients with a deep tumour and patients 
with a subcutaneous tumour larger than 5 cm are 
recommended to be referred to a university hospital 
before any biopsy or surgery. Patients who have 
undergone a biopsy or non-radical surgery should be 
referred to a university hospital when a sarcoma 
diagnosis is confi rmed.   

 Preoperative investigations .  Tumour size and depth 
should be evaluated and reported. Preoperatively 
patients should undergo an magnetic resonance 
imaging (MRI) or a computed tomography (CT) 
scan of the primary tumour. A core needle biopsy 
and/or a fi ne needle aspiration should be performed 

at the centre responsible for the defi nite surgery. A 
CT-scan of the lungs should be performed preopera-
tively in patients with a high-grade tumour.   

 Surgery .  Surgical resection with wide margin is the 
primary treatment in all cases if possible without 
major sacrifi ce of function. A reoperation is recom-
mended after intralesional surgery, if feasible.   

 Pathology report .  Tumour size (cm) as the largest 
diameter of the tumour in the surgical specimen is 
to be reported together with the histologic grade in 
a four-tiered scale modifi ed from Broders et al. [14] 
and Angervall et al. [15]. Grades 1 and 2 are consid-
ered low and grades 3 and 4 are considered high 
grade. The smallest surgical margins in soft tissue not 
limited by a fascia should be evaluated on histologi-
cal slides of the resection specimen and reported. A 
margin of at least 2.5 cm is defi ned as wide. Nar-
rower margin is accepted if it contains uninvolved 
anatomical barrier, for example fascia. The presence 
of necrosis and vascular invasion should be reported. 
In the present review, tumour size and smallest mar-
gin were recorded from the original pathology reports 
and were not re-evaluated.   

 Radiation therapy .  Radiation therapy is recommended 
after marginal or intralesional surgery. Radiation 
therapy was initially recommended with the radia-
tion dose of 50 Gy in fi ve weeks (2 Gy/day). For 
microscopically or macroscopically involved surgi-
cal margins, a boost was recommended to a smaller 
target volume (10 – 20 Gy in one to two weeks). 
At the beginning of 2000 the protocol was modi-
fi ed with a recommendation of a boost also after 
marginal surgery.   

 Chemotherapy .  Starting from 1998 adjuvant doxoru-
bicin-based chemotherapy was recommended for all 
patients less than 70 years and with suffi cient perfor-
mance status with a high-grade tumour if the tumour 
fulfi lls at least two of the following criteria: size 
greater than 8 cm (in synovial sarcomas 5 cm), 
necrosis, or vascular invasion.   

 Follow-up .  Patients undergo a regular follow-up. For 
high-grade sarcomas, the interval is two months dur-
ing the fi rst two years, thereafter three times annually 
up to fi ve years. Follow-up is extended in patients 
with synovial sarcomas to 10 years with annual visits 
up to seven years and thereafter every 18 months. 
Patients undergo a chest x-ray at each visit. An MRI 
or CT-scan of the operative area is taken six months 
postoperatively and every six months up to two years 
and thereafter once annually up to fi ve years, and for 
patients with synovial sarcomas annually up to seven 
years after fi ve years and thereafter once in every 
18 months up to 10 years. 
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 For low-grade tumours, the interval is three times 
annually up to two years and thereafter two times a 
year up to fi ve years, annually up to seven years and 
thereafter once in every 18 months up to 10 years. 
Patients undergo a chest x-ray at each visit. An MRI 
or CT-scan of the operative area is taken annually up 
to seven years and thereafter once in every 18 months 
up to 10 years.    

 Statistical methods 

 For the survival rate comparisons, patients were 
divided into groups based on the hospital in which 
they had their fi nal surgery and decision on adjuvant 
therapy. The largest centres treating two thirds of the 
patients (of the fi nal surgeries) during the study period 
were arbitrarily defi ned as  “ high-volume ”  centres 
(three university hospitals). Sixteen hospitals treated 
only one to two patients during the study period and 
were defi ned as  “ low-volume ”  centres. Five hospitals 
(two university hospitals and three district hospitals) 
with 3 – 17 patients treated were defi ned as  “ interme-
diate-volume ”  centres. Local recurrence-free rates, 
metastases-free rates and sarcoma-specifi c survival 
rates were calculated with the Kaplan-Meier method. 
Differences in survival rates were analysed with the 
log-rank test. Relative risks (RR) for survival rates in 
the centre volume analysis were calculated for an 
increment of 10 patients using Cox ’ s proportional 
hazards model. The  χ  2  test and Fisher ’ s exact test were 
used to assess differences in the distribution of tumour 
and treatment characteristics among subgroups. The 
level of signifi cance was set at p  �  0.050. SPSS  ®   
PASW (Predictive Analytics SoftWare) Statistics for 
PC, version 18.0, was used for all analyses.    

 Results 

 Patients with dermatofi brosarcoma protuberans 
(n  �  74), grade I liposarcoma/atypical lipoma (n  �  31) 
and cutaneous leiomyosarcoma (n  �  6) were excluded 
from the analysis. Eight patients were excluded because 
of missing fi les. We also excluded patients who received 
treatment with palliative intention (n  �  10) leaving 
219 patients with local disease to the fi nal analysis. 
The cytological or histological diagnosis was made at 
high-volume centres in 163 (74%) of the 219 tumours. 
The original histologic slides of the resection speci-
men of 200 (91%) patients were available for review 
(Table I). Also patients with missing original slides 
were included in further analysis. Four sarcoma diag-
noses were corrected in the review to benign tumours 
or tumours with borderline malignant potential and 
were excluded from further analysis (Table I). 

 The histologic subtype was corrected in 20 (10%) 
and the grade in eight (4%) of the 200 diagnoses in the 

re-evaluation. Both the grade and the subtype were cor-
rected in two tumours. The diagnoses were corrected 
for 9% of the tumours assessed at high-volume centres 
and for 28% of the tumours assessed at intermediate 
or low-volume centres. The surgical treatment and 
decision of adjuvant radiation therapy were irrespective 
of the sarcoma subtype and grade so these changes 
would not have had any impact to the treatment of 
choice. Two patients with a benign tumour or a tumour 
with borderline malignant potential received unneces-
sary radiation therapy; otherwise the treatment was 
appropriate based on the histologic review. The smallest 
margin in centimeters was not reported in 40 tumours: 
28 were reported to have a marginal margin and 12 a 
wide margin. Higher percentages of deep tumours and 
younger patients were treated at centres with high or 
intermediate volumes, otherwise distributions of patient 
and tumour characteristics were similar (Table II). 

 Table III shows adherence to guidelines for 
preoperative investigations. Only 96 (42%) patients 
had their fi rst operation at a high-volume centre. The 
recommended preoperative staging investigations 
and biopsies were performed signifi cantly less often 
at intermediate and low-volume centres. 

 Table IV shows adherence to the treatment guide-
lines. If a preoperative histological or cytological 

  Table I. Initial diagnoses (n  �  219) and histological review of the 
200 cases available.  

Initial 
diagnosis n (%)

Reviewed 
diagnosis n †  (%)

MFH 91 (41.6) MFH 93 (47.4)
Liposarcoma 44 (20.0) Liposarcoma 32 (16.3)
Leiomyosarcoma 36 (16.4) Leiomyosarcoma 26 (13.3)
Synovial Sarcoma 22 (10.0) Synovial Sarcoma 21 (10.7)
Fibrosarcoma 8 (3.7) Fibrosarcoma 6 (3.1)
Sarcoma otherwise 

specifi ed
10 (4.6) Sarcoma otherwise 

specifi ed
13 (6.6)

Sarcoma not 
otherwise 
specifi ed

8 (3.7) Sarcoma not 
otherwise 
specifi ed

5 (2.6)

Grade * 
1 4 (1.9) 1 0
2 46 (22.0) 2 39 (19.9)
3 60 (28.7) 3 54 (27.6)
4 72 (34.4.) 4 99 (50.5)
Low 6 (2.9) Low 2 (1.0)
High 21 (10.0) High 2 (1.0)

Tumour size 
reported

Yes 178 (81.3)
No 41 (18.7)

Smallest margin 
(in cm) 
reported

Yes 179 (81.8)
No 40 (18.2)

MFH, malignant fi brous histiocytoma.     * Not reported in 10 
original pathology reports.      † One patient with reviewed diagnosis 
of myxoma, one with ossifying fi brous tumour and two patients 
with grade I liposarcoma excluded.   
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  Table II. Characteristics of patients and tumors treated at HVCs, IVCs, and LVCs.  

Variable HVC n (%) IVC n (%) LVC n (%) p-value  ‡  

Sex
Male 91 (59.5) 24 (60.0) 17 (77.3) 0.271
Female 62 (40.5) 16 (40.0) 5 (22.7)

Age at diagnosis
Mean (SD), range 59.8 (16.6), 18 – 92 62.5 (18.3), 24 – 87 72.7 (15.8), 37 – 95 0.003

Size
Mean (SD), range 7.5 (5.5), 0.7 – 35.0 8.7 (6.5), 1.8 – 24.0 7.1 (4.8), 1.3 – 18.0 0.686

Grade * 
High 120 (78.4) 28 (70.0) 14 (66.7) 0.323
Low 33 (21.6) 12 (30.0) 7 (33.3)

Location
Intracompartmental 26 (17.0) 4 (10.0) 0 0.072
Extracompartmental 127 (83.0) 36 (90.0) 22 (100.0)

Depth
Superfi cial  †  43 (28.1) 11 (15.7) 12 (54.5) 0.038
Deep 110 (71.9) 29 (84.3) 10 (45.5)

Site
Trunk 43 (28.1) 9 (22.5) 10 (45.5) 0.194
Lower Extremity 77 (50.3) 25 (62.5) 7 (31.8)
Upper Extremity 33 (21.6) 6 (15.0) 5 (22.7)

HVC, high-volume centre; IVC, intermediate-volume centre; LVC, low-volume centre; SD, standard deviation.     * One tumour ungraded at 
LVC and not available for review.       †  Subcutaneous tumours with or without cutaneous extension but without involvement of the investing 
fascia.       ‡  By  χ  ²  test or Fisher’s exact test.    

  Table III. Preoperative investigations.  

HVC 
n (%)

IVC 
n (%)

LVC 
n (%) p-value

Referred to a 
HVC after

Fine needle 
aspiration

7 (4.6)

Core needle 
biopsy

10 (6.5)

Incisional biopsy 3 (2.0)
Intralesional 

surgery
40 (26.1)

Marginal surgery 18 (11.8)
Untouched 75 (49.0)

Preoperative 
diagnosis * 

Cytology 2 (2.1) 4 (4.1) 2 (9.1)  � 0.0001
Core needle 

biopsy
81 (84.4) 15 (15.5) 3 (13.6)

Open biopsy 9 (9.4) 3 (3.1) 0
None 4 (4.2) 75 (77.3) 17 (77.3)

Radiological 
diagnosis *  , †  

Yes 93 (96.8) 33 (34.0) 7 (31.8)  � 0.0001
No 3 (3.2) 64 (66.0) 15 (68.2)

Lung CT for 
high-grade 
tumours  ‡  

Yes 58 (74.4) 9 (56.3) 2 (50.0) 0.198
No 20 (25.6) 7 (43.7) 2 (50.0)

    * 119 patients had fi rst surgery at IVC or LVC.   †  MRI or CT of the 
primary tumour.   ‡  98 patients with biopsy-proven high-grade 
tumour.   ¶   χ  ²  test or Fisher’s exact test. CT, computed tomography; 
HVC, high-volume centre; IVC, intermediate-volume centre; 
LVC, low-volume centre; MRI, magnetic resonance imaging.   

diagnosis was not made, this was a very strong 
predictor for the patient to undergo multiple opera-
tions: of the 96 patients with no preoperative biopsy, 
75 (78%) underwent another operation and six 
patients (6%) underwent two more operations. Pri-
mary surgeries were performed in 53 institutions and 
defi nite surgeries in 23 institutions. Three university 
hospitals were high-volume centres with 20 – 105 new 
patients during the whole study period. Four hospi-
tals were intermediate-volume centres with 3 – 17 new 
patients during the study period. Sixteen hospitals 
treated only one or two new patients during the study 
period (low-volume centres). 

 Defi nite surgery was performed and adjuvant 
therapy planned for 153 (71%) patients at high-vol-
ume centres. The percentage of patients not operated 
on at a university hospital varied from 4% to 36% in 
the fi ve university hospital dictricts (p  �  0.0001). A 
wide fi nal margin was achieved signifi cantly more 
often at high-volume centres, 31.4% vs. 17.5% and 
14.2%, respectively. The patients with an inadequate 
margin received radiation therapy signifi cantly more 
often at high-volume centres, 75.2% vs. 56.3% and 
31.6%, respectively. 

 The local recurrence-free rate at fi ve years was 
signifi cantly higher at high-volume centres than at 
intermediate and low-volume centres, 82% vs. 61% 
and 69% (p  �  0.046) (Figure 1). The sarcoma-spe-
cifi c survival was higher at high-volume centres, 
although the difference was not statistically signifi -
cant, 71% vs. 59% and 66% (p  �  0.237). The 
metastases-free survival was 67% at high-volume 
centres and 61% and 78% at intermediate and 
low-volume centres, respectively (p  �  0.283). The 

local-recurrence rate decreased as the surgical 
volume of the centre increased: RR per 10 patients 
was 0.914 (95% CI 0.851 – 0.970; p  �  0.006). For 
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metastases-free survival (RR 1.000; 95% CI 0.951 –
 1.051; p  �  0.982) and sarcoma-specifi c survival 
(RR 0.961; 95% CI 0.914 – 1.010; p  �  0.111) it had 
no effect.   

 Discussion 

 To our knowledge this is the fi rst population-based, 
nationwide quality-control study on referral policy 
and treatment results of STS. We compared diagnos-
tics and treatment retrospectively to the treatment 
protocol introduced in 1986 by the Scandinavian Sar-
coma Group. The protocol was widely adopted also in 
Finland and further developed and updated by the 
STS group at HUCH. In the present study, we com-
pared the treatment results of the largest centres 
named  “ high-volume ”  centres by surgical volume to 
smaller centres entitled  “ intermediate-volume ”  cen-
tres and  “ low-volume ”  centres. Division was arbitrarily 
made with a cut-off point of high-volume centres 
treating two thirds of the patients. Although named 
 “ high-volume ”  centres the number of patients treated 
in these centres annually was as low as fi ve to 25 dur-
ing 1998 – 2001. Hospitals treating only an occasional 
sarcoma (one to two during the study period) 
were defi ned as  “ low-volume ”  centres and the rest as 

  Table IV. Treatment characteristics.  

HVC n (%) IVC n (%) LVC n (%) P-  value

Number of operations * 
1 90 (93.8) 20 (48.8) 15 (19.2)  � 0.0001
2 6 (6.2) 21 (51.2) 57 (73.1)
3 0 0 6 (7.7)

First surgery performed at  †  
Primary health care center 0 0 14 (22.2)
District hospital 0 16 (76.2) 41 (65.1)
Private hospital 0 0 8 (12.7)
University hospital 6 (100) 5 (23.8) 0

First Margin  †  
Intralesional 3 (50) 16 (76.2) 48 (76.2)
Marginal 3 (50) 5 (23.8) 15 (23.8)

Defi nite surgery performed at 
Primary health care center

0 4 (18.2)

District hospital 15 (37.5) 17 (77.3)
Private hospital 0 1 (4.5)
University hospital 153 (100) 25 (62.5) 0

Defi nite margin  ‡  
Intralesional 26 (17.0) 9 (22.5) 9 (42.9) 0.004
Marginal 79 (51.6) 24 (60.0) 9 (42.9)
Wide 48 (31.4) 7 (17.5) 3 (14.2)

Surgery Extent  ¶  
Amputation 10 (9.1) 3 (9.7) 3 (25.0) 0.281
Limb-sparing surgery 100 (90.9) 28 (90.3) 9 (75.0)

Radiation therapy  §  
Yes 79 (75.2) 18 (56.3) 6 (31.6)  � 0.0001
No 26 (24.8) 14 (43.7) 13 (68.4)

Chemotherapy
Yes 25 (16.3) 0 1 (4.5) 0.003
No 128 (83.7) 40 (100.0) 21 (95.5)

HVC, high-volume centre; IVC, intermediate-volume centre; LVC, low-volume centre.     * based on the hospital of fi rst surgery.   †  For 90 
patients having more than one surgery.   ‡  Not known for one patient with an amputation.   ¶  153 tumours of the extremities.   §  for patients with 
intralesional or marginal defi nite surgery.  #  χ  2  test or Fisher’s exact test.    

 “ intermediate-volume ”  centres. Intermediate-volume 
group was introduced as it was expected that these 
larger centres were more experienced with this rare 
disease than low-volume centres. We are, however, 
unable to provide any data on surgeon case loads. In 
larger centres, there are usually several plastic surgeons 
or orthopaedic surgeons who operate on STS patients. 
On the contrary, in smaller centres, there may be only 
one surgeon treating soft tissue tumours. 

 Seventy-four percent of histopathological diagno-
ses were made at high-volume centre pathology lab-
oratories meaning that the histopathologic diagnostics 
was well centralised. The subtype or the grade was 
corrected in 13% of the tumours in the present his-
tologic review. Randall et al. [8] presented a 104-
patient series in which 37% of diagnoses were 
corrected in review. In our series radiation therapy 
would have been omitted from two patients with a 
benign or borderline tumour in case of correct eval-
uation at diagnosis. Surgical margin in centimeters 
was not reported in 18% of the reports. 

 Radiation therapy improves local control after 
inadequate surgery but administration of adjuvant 
radiation therapy was suboptimal in all categories 
of treatment centres. A patient-related reason 
for withdrawal of radiation therapy was infrequent. 
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  Figure 1.     Local control at high-volume centres ( —   ), at intermediate-
volume centres (- · - · - · ), and at low-volume centres (----). Local 
control at fi ve years 82%, 61% and 69% (p  �  0.046).  

Instead, the most frequent reason was low malig-
nancy grade and an expected low local recurrence 
rate. One probable reason for undertreatment was 
also the incompleteness of the pathology reports. The 
surgical margin was not reported in centimeters for 
40 patients. Of these, 12 patients had a wide surgical 
margin reported and 28 a marginal margin. Eight of 
these patients received radiation therapy. It is likely 
that many of these patients had inadequate margins 
in regard to our treatment protocol and would have 
benefi ted from adjuvant radiation therapy. Only 45% 
of patients with marginal or intralesional margins 
received postoperative radiation therapy in the review 
from Scandinavian Sarcoma Group Registry [5]. In 
the French review the number was 48% [9]. 

 Defi nite surgery and decision of adjuvant therapy 
was performed in three high-volume centres among 
71% of patients and in 20 other hospitals among 
29% of patients. Sixteen low-volume centres treated 
only one or two patients during the whole study 
period. Lack of experience caused high number of 
operations without proper preoperative investiga-
tions, that is, radiological imaging and histological or 
cytological biopsy. Surgeries at low-volume centres 
were mostly performed by district hospital surgeons 
and GPs in primary health care centres. Most of 
these patients needed further surgery. 

 Previous inadequate local treatment makes the 
second operation more diffi cult based on changed 
anatomy, tumour spreading and scarring. It is thus 
also more diffi cult to achieve good local control [16]. 
We have however shown that patients with locally 

recurrent disease at presentation can have similar local 
control to patients with primary tumour with aggres-
sive surgical treatment and radiation therapy [10]. 
Local control at high-volume centres was superior to 
local control rates at intermediate-volume and low-
volume centres in the present study (p  �  0.046). It is 
noticeable that over one third of patients receiving 
defi nite surgery at high-volume centre were fi rst 
treated at intermediate or low-volume centres and 
referred after the diagnosis of STS for further surgery. 
Results are in conjunction with the results in SSG 
series refl ecting uniform recommendations for STS 
treatment in Scandinavia [5,17]. Local control at 
intermediate-volume centres was lowest most likely 
because of higher percentage of deep-seated tumours 
and shortages in radiation therapy administration. In 
the present study, low-volume centres had better local 
control than intermediate-volume centres mainly 
because of higher percentage of superfi cial tumours 
where local control is easier to achieve. Numbers were 
also small. As published also by Nijhuis et al. [18] 
patients not referred to a specialised sarcoma treating 
team were older than the patients referred. Distribu-
tion of prognostic factors was otherwise identical. 

 Surgical volumes in Finnish institutions were low 
as the number of new patients treated annually was 
equal or more than fi ve only in three of 23 institutions 
with defi nite surgical procedures. In a state-wide anal-
ysis from Florida, USA treatment of STS at a high-
volume centre (more than four new patients annually 
in average) was a signifi cant independent predictor of 
improved survival (OR  �  1.292, p  �  0.047) [19]. The 
conclusion was that patients with STS should be treated 
at high-volume centres for better survival and func-
tional outcome. Patients with either large ( � 10 cm), 
high-grade or truncal/retroperitoneal tumours should 
be treated exclusively at high-volume centres. In the 
present study, there was no signifi cant survival benefi t 
from treatment at the high-volume centres. 

 Although HUCH is the largest tertiary sarcoma 
referral centre in Finland, the annual number of new 
patients with a limb or trunk wall STS was approxi-
mately 26 during 1998 – 2001. Nowadays it is approxi-
mately 50, that is, half of the new soft tissue sarcomas 
of the extremity or trunk wall diagnosed annually in 
Finland. Unfortunately we have no data at the moment 
if these  “ new ”  patients are referred from low-volume or 
intermediate-volume centres as defi ned in the present 
study. That is a subject for a future study. Local control 
improved in the present study as the surgical volume 
of the hospital increased. Higher annual surgeon case-
load was associated with decreased morbidity and mor-
tality in colon cancer [20] and with decreased operative 
mortality in pancreatic and oesophageal cancer [21] 
even after stratifi ed for hospital volume. Higher annual 
surgeon case-load decreased surgical mortality in 
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patients undergoing gastrectomy for cancer [22] and 
postoperative morbidity after prostatectomy [23]. 
Patients with diagnosed breast cancer were recom-
mended to be treated by surgeons treating over 30 
breast cancer patients annually [24]. No such data were 
available for STS. Sarcoma surgery is challenging 
because of local infi ltrative growth, often a large tumour 
size and location anywhere in the body making each 
operation different. That calls for surgeons ’  experience 
with this rare disease. With so few annual cases cen-
tralisation is warranted in order to maintain high-qual-
ity surgery and ascertain training. 

 The present study is the fi rst nationwide popula-
tion-based analysis on treatment results of STS. 
However, it suffers from several weaknesses. First 
and most importantly, the study was not randomised. 
It is probable that patients with poor physical perfor-
mance status and/or elderly patients are not referred 
to specialised sarcoma centres. Instead, they have less 
radical treatment in the local hospital regarded in the 
present study as low-volume centres. One potential 
cause of selection bias are regional referral policies 
which was evident as in the fi ve university hospital 
districts the percentage of patients not operated on 
at a university hospital varied from 4% to 36%. 

 In conclusion, multimodality treating teams are 
of paramount importance in rare diseases, such as 
STS. It is probable that further centralisation would 
standardise decision-making on diagnostics and 
treatment and improve treatment results.         
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