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                        ORIGINAL ARTICLE    

 Adjuvant radiotherapy in retroperitoneal sarcomas. A Scandinavian 
Sarcoma Group study of 97 patients      

    LINN H.     TROVIK  1,2  ,       KJELL     OVREBO  3  ,       MARTIN     ALMQUIST  4  , 
      HANS KRISTIAN     HAUGLAND  5  ,       PEHR     RISSLER  6  ,       JOHAN     EIDE  5  ,       JACOB     ENGELLAU  7  , 
      ODD R.     MONGE  2  ,       ANNIKEN B.     NYHUS  1  ,       INGVILD K.     ELDE  1     &         NINA L.     JEBSEN  1,2    

  1 Department of Clinical Science, Faculty of Medicine and Dentistry, University of Bergen, Bergen, Norway, 
 2 Department of Oncology, Haukeland University Hospital, Bergen, Norway,  3 Department of Abdominal and 
Emergency Surgery, Surgical Clinic, Haukeland University Hospital, Bergen, Norway,  4 Deparment of Surgery, 
Sk å ne University Hospital, Lund, Sweden,  5 Department of Pathology, Haukeland University Hospital, Bergen, 
Norway,  6 Department of Pathology, Sk å ne University Hospital, Lund, Sweden and  7  Department of Oncology, 
Sk å ne University Hospital, Lund, Sweden                             

  ABSTRACT 

   Background.   Currently there is no consensus on the use of adjuvant radiotherapy (RT) in retroperitoneal sarcoma 
(RPS). We have analysed clinical outcomes in patients with localised RPS treated at two Scandinavian Sarcoma Group 
(SSG) centres: Haukeland University Hospital (HUH), Bergen, Norway and Sk å ne University Hospital (SUH), Lund, 
Sweden to clarify the effects of adjuvant RT on local control and overall survival (OS).  
  Material and methods.  Local databases and registers at HUH and SUH as well as the SSG central register were used 
to identify RPS patients. Patients with localised RPS who underwent surgery in Bergen between 1988 and 2009 and in 
Lund from 1998 to 2009 were included. Medical records were examined for clinical data, tumour characteristics, treat-
ment factors and follow-up status. Archived tumour sections and tumour tissue were reviewed, and when necessary, 
restained and reclassifi ed. Cox regression was used to analyse the association of potential prognostic factors with local 
recurrence-free survival (LRFS), metastasis-free survival (MFS) and OS. 
   Results.  The study included 97 patients: 52 from Norway and 45 from Sweden. The proportion of high-grade tumours 
was 73%. The fi ve-year LRFS, MFS and OS were 55%, 59% and 60%, respectively. RT was signifi cantly associated 
with improved local control resulting in a fi ve-year LRFS of 77% compared with 39% without (p    �    0.001). Furthermore, 
fi ve-year OS was 71% in the RT group in contrast to 52% with surgery alone (p    �    0.019). In the adjusted analysis RT 
proved to be a signifi cant factor also for MFS (HR    �    0.42, 95% CI 0.20 – 0.88, p    �    0.021). In addition, high-grade malig-
nancy, large tumour and positive surgical margin were risk factors for local recurrence. High malignancy grade was the 
only signifi cant adverse prognostic factor for metastasis. High age and high-grade malignancy were negative prognostic 
factors for OS. 
   Conclusion.  Adjuvant RT was signifi cantly associated with an improved fi ve-year LRFS and OS.   

    Retroperitoneal sarcomas (RPS) are tumours con-
stituting approximately 15% of all soft tissue sarcomas 
(STSs). Although histologically heterogeneous, 
these tumours are often pooled as one entity due to 
their retroperitoneal localisation, which has impli-
cations for the surgical approach and use of adju-
vant radiotherapy (RT). The retroperitoneal space 
is characterised by loose tissue where tumours may 
grow asymptomatically and reach a considerable 

size before signs such as early satiety, increasing 
abdominal circumference, abdominal discomfort, a 
palpable mass or symptoms related to affected 
organs occur [1]. 

 Mortality has chiefl y been attributed to late detec-
tion, risk of metastatic disease and local recurrence 
(LR). A thorough work-up with computer tomo-
graphy (CT) is used to determine the site, size and 
proximity of the tumour to other tissues. Magnetic 
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resonance imaging provides the best visualisation of 
organ involvement [2]. A biopsy is usually necessary 
for histopathological classifi cation of the tumour and 
exclusion of other diseases, and planning of appro-
priate treatment, i.e. if neo-adjuvant chemotherapy 
is indicated in chemo sensitive subtypes. 

 As a sole curative approach, surgery is the only 
defi nitive treatment in RPS, but controversy remains 
over the extent of surgery. While some centres advo-
cate an aggressive approach with en bloc resection of 
uninvolved adjacent organs when feasible to secure 
an envelope of healthy tissue [3,4], other centres fol-
low a more conservative strategy [5,6]. Evidence-
based recommendations for routine adjuvant RT are 
lacking due to the paucity of randomised trials and 
confl icting results from retrospective studies [7 – 10]. 
Neither the effi cacy of RT nor the appropriate 
timing, whether preoperative, intra-operative or post-
operative, has been established. 

 The Scandinavian Sarcoma Group (SSG) cur-
rently recommends participation in the European 
Organisation of Research and Treatment of Cancer 
(EORTC) randomised clinical trial investigating pre-
operative RT versus surgery alone for a well-defi ned 
subgroup, or, individual assessment of the indication 
for adjuvant RT in patients with tumours of malig-
nancy grades 3 – 4 and macroscopic or microscopic 
positive surgical margin. The role of chemotherapy 
in treatment of resectable retroperitoneal sarcomas 
is yet to be established and is not recommended out-
side of clinical trials [11]. 

 The primary objective of this study was to evalu-
ate the effect of adjuvant RT on local control and 

overall survival (OS). Secondly, prognostic factors 
for local and distant disease control were analysed.   

 Material and methods 

 A study including at least two Scandinavian sarcoma 
centres was necessary in order to obtain a suffi cient 
number of patients for analysis due to the small pop-
ulation in Scandinavia and the rarity of RPS. Eligible 
patients were recruited from two well-defi ned 
regional uptake areas in Scandinavia and treated by 
regional multidisciplinary sarcoma teams. 

 RPS cases were drawn from fi les at Haukeland 
University Hospital (HUH) Bergen, Norway, and 
Sk å ne University Hospital (SUH) Lund, Sweden. 
The HUH cases diagnosed between 1988 and 2009 
were identifi ed from a local diagnostic database or 
the archive fi les of the Department of Pathology 
through appropriate morphology and localisation 
codes and controlled against fi les at the Centre for 
Bone and Soft Tissue Tumours, HUH. 

 The SUH cases diagnosed from 1998 to 2009 
were identifi ed from a local register of cases, from 
fi les of the Department of Pathology by morphology 
codes and from the SSG Central Register. 

 All cases were reviewed and reclassifi ed by pathol-
ogists specialised in sarcoma pathology (authors) in 
order to validate morphological diagnoses and adjust 
for changes in the histopathological classifi cations of 
RPS over time. Only cases with morphologically con-
fi rmed RPS of the resected specimen were accepted 
[12]. A total of 146 patients were identifi ed. Of these, 
97 were operated with curative intent and were 

  Table I. Patient and tumour characteristics according to centre in 97 patients with RPS.  

Total
  (n    �    97)

HUH
  (n    �    52)

SUH
  (n    �    45) p-value

Male gender 50 (51.5) 29 (55.8) 21 (46.7) 0.371
Age, years 62 (15 – 83) 62 (15 – 83) 62 (20 – 83) 0.888
Tumour size, cm 20 (4 – 60) 18 (4 – 43) 20 (15 – 60) 0.534
High malignancy grade 71 (73.2) 44 (84.6) 27 (60.0) 0.006
Histopatological subtype 0.639

Liposarcoma 60 (61.9) 30 (57.7) 30 (66.7)
Leiomyosarcoma 28 (28.9) 17 (32.7) 11 (24.4)
Other 9 (9.3) 5 (9.6) 4 (8.9)

First operation at centre 80 (82.5) 41 (83.7) 39 (86.7) 0.684
Surgical margin 0.474

Negative 54 (55.7) 28 (53.8) 26 (57.8)
Positive 37 (38.1) 22 (42.3) 15 (33.3)
Unknown 6 (6.2) 2 (3.8) 4 (8.9)

Radiotherapy 42 (43.3) 26 (50.0) 16 (35.6) 0.152
Chemotherapy 15 (15.5) 9 (18.0) 6 (13.6) 0.564

    Continuous variables are presented as median (range), categorical variables as counts (%). Differences 
between groups are calculated using Mann-Whitney U-test for continuous variables and Pearson ’ s 
 χ  2 -test for categorical variables. Some variables have missing data, i.e. n    �    97.   
 HUH, Haukeland University Hospital; RPS, Retroperitoneal Sarcoma; SUH, Sk å ne University 
Hospital.   
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included in the current analysis. Three patients were 
excluded from the study because their surgical treat-
ment had been for a LR while the primary tumour 
had been treated prior to the inclusion period. Twenty 
cases were excluded because of synchronous metas-
tasis; three because of lack of consent; and six were 
excluded when the revised histology showed a diag-
nosis other than STS. Finally, 17 did not undergo 
curative surgery; of these, 14 underwent debulking 
surgery and three were medically or technically inop-
erable. Data on age, sex, referral pattern, histological 
subtype, malignancy grade, surgery and adjuvant 
treatment were compiled from the medical records 
[11]. Surgical margins were categorised as R0 
(histologically negative margin), R1 (microscopically 
positive, but macroscopically negative margin), R2 
(macroscopically positive margin) and fi nally RX 
when the surgical margin was unknown. Histological 
subtypes were grouped into liposarcoma, leiomyosar-
coma or any other sarcoma due to the small number 
of other individually rare sarcoma subtypes. 
Malignancy grade was determined according to the 
four-tiered Scandinavian system and grouped into 
low- (SSG grade I – II) or high-grade (SSG grade 
III – IV), the latter corresponding to FNCLCC malig-
nancy grade 2-3 [11,13]. The date of the fi nal oper-
ation for RPS was the index event from which all 
time lags of clinical courses were calculated (time 
until verifi ed LR, metastasis or death). 

 The study was performed in accordance with the 
World Medical Association Declaration of Helsinki, 
1996, revised in 2000, and approved by the Regional 
Committee for Medical Research Ethics.  

 Statistics 

 Results from the two centres were compared before 
they were pooled. Time until LR, distant metastasis 
and death were the main outcome variables. Patients 
were stratifi ed according to RT-status and all other 
parameters served as adjusting variables. Surgical 
margin was dichotomised into negative (R0) or 
positive margin (R1    �    R2). Age was analysed as a 
continuous variable and reported as 10-year incre-
ments; similarly, tumour size was reported employing 
10-cm increments. 

 Demographic and descriptive data were calcu-
lated as medians and ranges.  χ  2 -tests were used to 
compare categorical variables and Mann-Whitney 
U-test was used to compare continuous variables. 
The Kaplan-Meier model served as univariate sur-
vival analysis in the study of the effects of RT, with 
the log rank (Mantel-Cox) test for comparing groups. 
Prognostic and treatment factors previously reported 
to infl uence survival outcomes were investigated 
using univariate and multivariate Cox regression 

analysis combined with the likelihood ratio test. 
Backward stepwise regression was selected to 
perform a limited multivariate analysis with fewer 
degrees of freedom and more statistical strength. 
A p-value of  �    0.05 was considered statistically 
signifi cant. IBM SPSS Statistics version 20 (SPSS 
Chicago, IL) was used for statistical analyses.    

 Results  

 Patient and tumour characteristics 

 A total of 97 patients were included: 52 from HUH 
diagnosed in the period 1988 to 2009, and 45 cases 
diagnosed from 1998 to 2009 at SUH. Patient and 
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  Figure 1. (A)     Local recurrence-free survival, (B) metastasis-free 
survival and (C) overall survival by radiotherapy in 97 patients with 
retroperitoneal sarcoma. With (solid line) and without radiotherapy 
(dotted line). Kaplan-Meier plot, p-value is from log rank test.  
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tumour characteristics are displayed in Table I. 
When comparing the two centres, the only signifi -
cant difference concerning patient and tumour 
characteristics was a higher frequency of high-grade 
malignant tumours from HUH (85% vs. 60%). 
The median age at diagnosis was 62 years (range 
15 – 83), and median tumour size was 20 cm (range 
4 – 60). Liposarcoma was the most prevalent histo-
logical type (62%) followed by leiomyosarcoma 
(29%). A minority of 9% constituted the category 
 “ other ”  including malignant peripheral nerve 
sheath tumour (MPNST), rhabdomyosarcoma, 
Ewing ’ s sarcoma, haemangiopericytoma, angiosar-
coma and synovial sarcoma. Overall 27% were 
classifi ed as low-grade malignant, and 73% as high-
grade malignant (Table I). The surgical margin was 
negative (R0) in 54 (56%) of the surgical speci-
mens, and positive in 37 (38%), of which 34 were 

R1 and three were R2. In six of the cases the surgical 
margin was unknown (RX). 

 Median follow-up was 4.7 years (range 0.5 – 18.5) 
for the whole group, and 6.9 years (range 3.2 – 18.5) 
for patients still alive at fi nal follow-up (n    �    42).   

 Adjuvant treatment 

 A total of 42/97 patients (43%) underwent RT (Table 
II), either preoperatively (n    �    5, 12%) or postopera-
tively (n    �    37, 88%). RT doses ranged from 20 to 65 
Gy, with a median of 50 Gy. RT was administered 
more frequently in high-grade malignant tumours 
(52%) than in low-grade tumours (48%), p    �    0.132. 

 In a recording of the 26 Norwegian patients 
receiving RT, 15 patients (58%) had RTOG/ EORTC 
scale grade 1 – 2 nausea, one had grade 1 dysphagia 
and one had grade 3 nausea requiring parenteral 

  Table II. Patient and tumour characteristics according to RT in 97 patients with RPS.  

Total
  (n    �    97)

RT yes
  (n    �    42)

RT no
  (n    �    55) p-value

Male gender 50 (51.5) 27 (64.3) 23 (41.8) 0.028
Age, years 62 (15 – 83) 61 (35 – 82) 63 (15 – 83) 0.592
Tumour size, cm 20 (4 – 60) 19 (6 – 60) 19 (4 – 43) 0.508
High malignancy grade 71 (73.2) 34 (81.0) 37 (67.3) 0.132
Histology 0.662

Liposarcoma 60 (61.9) 28 (66.7) 32 (58.2)
Leiomyosarcoma 28 (28.9) 11(26.2) 17 (30.9)
Other 9 (9.3) 3 (7.1) 6 (10.9)

First operation at centre 80 (82.5) 34 (85.0) 46 (85.2) 0.980
Surgical margin 0.974
Negative 54 (55.7) 25 (59.5) 29 (52.7)
Positive 37 (38.1) 17 (40.5) 20 (36.4)
Unknown 6 (6.2) 0 6 (10.9)
Chemotherapy 15 (15.5) 8 (19.5) 7 (13.2) 0.408

    Continuous variables are presented as median (range), categorical variables as counts (%). Differences 
between groups are calculated using Mann-Whitney U-test for continuous variables and Pearson ’ s  
χ  2 -test for categorical variables. Some variables have missing data, i.e. n    �    97.   
 RPS, retroperitoneal sarcoma; RT, radiotherapy.   

  Table III. Potential prognostic factors for local recurrence by simple and multiple Cox regression analysis of 97 RPS patients.  

Univariate Multivariate Limited model

Variable HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Gender (male vs. female) 1.68 (0.94 – 3.01) 0.082 1.75 (0.87 – 3.54) 0.117 1.77 (0.90 – 3.49) 0.102
Age/10 year 1.21 (0.98 – 1.49) 0.079 1.12 (0.86 – 1.48) 0.402
Size/10 cm 1.34 (1.06 – 1.68) 0.013 1.42 (1.02 – 1.97) 0.036 1.61 (1.23 – 2.11) 0.001
Malignancy grade (high vs. low) 2.00 (0.96 – 4.15) 0.063 4.16 (1.69 – 10.24) 0.001 4.38 (1.95 – 9.88)  �    0.001
Histopathology

Leiomyosarcoma (vs. liposarcoma) 0.73 (0.37 – 1.45) 0.366 0.60 (0.24 – 1.53) 0.285
Other (vs. liposarcoma) 0.86 (0.30 – 2.43) 0.770 1.01 (0.27 – 3.89) 0.983

Surgical margin (pos. vs. neg.) 2.24 (1.22 – 4.09) 0.009 2.44 (1.25 – 4.77) 0.009 2.70 (1.44 – 5.06) 0.002
RT (yes vs. no) 0.33 (0.17 – 0.64) 0.001 0.20 (0.09 – 0.45)  �    0.001 0.21 (0.10 – 0.45)  �    0.001
Chemotherapy (yes vs. no) 1.41 (0.68 – 2.93) 0.364 1.56 (0.58 – 4.22) 0.381

    Numbers presented are HR with corresponding 95% percent CI.   
 CI, confi dence interval; HR, hazard ratio; p, from Likelihood ratio test; RPS, retroperitoneal sarcoma; RT, radiotherapy.   
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nutritional support. Thirteen patients (50%) had 
grade 1 – 2 diarrhoea and one had grade 3 diarrhoea 
requiring parenteral nutritional support. Two patients 
had grade 2 skin toxicity, and fi nally, four had 
grade 1 – 2 haematologic toxicity. One patient had 
persistent mild diarrhoea after 90 days qualifying for 
late grade 1 diarrhoea. No late toxicity was reported 
among the Swedish patients. There were no RT-related 
deaths among the Norwegian or Swedish patients. 
Chemotherapy was only given to 15/97 (15%).   

 Local control 

 Overall, 47/97 patients experienced a LR (48%). The 
fi ve-year local recurrence-free survival (LRFS) was 
55%. No difference in LRFS could be demonstrated 
when comparing the result from the two sarcoma 
centres. Kaplan-Meier analysis with log rank demon-
strated a statistically signifi cant difference in fi ve-year 
LRFS between the RT group (77%) and the non-RT 
group (39%), p    �    0.001(Figure 1A). The fi ve-year 
LRFS following negative margin was 63%, in con-
trast to 40% with positive margin surgery (p    �    0.007). 
Although the quality of the surgical margin was a 
strong predictor for LR (Table III), RT was signifi -
cantly associated with an improved local control irre-
spective of surgical margin status (Figure 2). RT was 
a signifi cant factor also when adjusting for histotype, 
sex, age, size, chemotherapy, malignancy grade and 
surgical margin (HR    �    0.20, 95% CI 0.09 – 0.45, 
p    �    0.001) (Table III).   

 Metastasis-free survival 

 Distant metastasis developed in 39/97 patients (40%). 
Five-year MFS for the whole group was 59%, for the 
RT group 68% and for the non-RT group 51% 
(p    �    0.107) (Figure 1B). In the adjusted cox regres-
sion analysis there was a signifi cant difference in MFS 
between the two treatment groups ( �  RT) (HR    �    0.42, 
95% CI 0.20 – 0.88, p    �    0.021) (Table IV).   

 Overall survival 

 A total of 55/97 (57%) patients died during the study 
period. Five-year overall survival (OS) for the whole 
group was 60%, 71% for the RT group, and fi nally 
52% for the non-RT-group, p    �    0.019 (Figure 1C). 
When adjusting for other prognostic factors, RT had 
a signifi cant impact on OS (HR    �    0.36, 95% CI 
0.18 – 0.72, p    �    0.004) (Table V).   
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  Figure 2.     Local recurrence-free survival by radiotherapy and (A) 
negative and (B) positive surgical margin in 97 patients with 
retroperitoneal sarcoma. With (solid line) and without radiotherapy 
(dotted line). Kaplan-Meier plot, p-value is from log rank test.  

  Table IV. Potential prognostic factors for metastasis-free survival by simple and multiple Cox regression analysis of 97 RPS patients.  

Univariate Multivariate Limited model

Variable HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Gender (male vs. female) 1.46 (0.77 – 2.77) 0.248 1.18 (0.54 – 2.56) 0.677
Age/10 year 1.03 (0.83 – 1.28) 0.815 1.17 (0.86 – 1.59) 0.308
Size/10 cm 0.90 (0.67 – 1.20) 0.471 1.21 (0.85 – 1.72) 0.287
Malignancy grade (high vs. low) 6.22 (1.91 – 20.30) 0.002 7.23 (1.99 – 26.19) 0.003 9.28 (2.78 – 31.00)  �    0.001
Histopathology

Leiomyosarcoma (vs. liposarcoma) 3.52 (1.78 – 6.99)  �    0.001 2.38 (0.95 – 5.98) 0.065
Other (vs. liposarcoma) 1.91 (0.63 – 5.80) 0.251 1.84 (0.51 – 6.65) 0.352

Surgical margin (pos. vs. neg.) 0.75 (0.38 – 1.49) 0.409 0.79 (0.37 – 1.71) 0.556
RT (yes vs. no) 0.58 (0.30 – 1.13) 0.111 0.42 (0.20 – 0.88) 0.021 0.34 (0.17 – 0.67) 0.002
Chemotherapy (yes vs. no) 1.66 (0.78 – 3.52) 0.187 1.22 (0.44 – 3.34) 0.706

    Numbers presented are HR with corresponding 95% CI.   
 CI, confi dence interval; HR, hazard ratio; p, from Likelihood ratio test; RPS, retroperitoneal sarcoma; RT, radiotherapy.   
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cox regression analysis also revealed that RT was a 
signifi cant factor for both MFS [15] and OS 
[7,8,10,15]. It is likely that LR and intraperitoneal 
dissemination are major reasons for disease-related 
death in patients with localised RPS, and that 
improved local control in part secured by RT could 
explain the favourable MFS and OS in this subset. 

 Eligible patients were recruited from two 
well-defi ned regional uptake areas in Scandinavia 
representing an average population of 2.6 million. 
With a relatively stable annual incidence around 2.7 
cases per 10 6  as reported by Porter et   al, this would 
correspond to seven new cases per year. Our fi ndings 
represent 6.1 new cases per year which seems repre-
sentative for the populations studied [16]. 

 The retrospective study design of this study may 
have resulted in heterogeneous reporting on surgical 
methods, resection margins as well as radiation fi elds 
due to lack of standardised registration at the time 
of treatment. However, treating surgeons and oncol-
ogists assisted during data accumulation to increase 
the quality of data. 

 Although consistent treatment recommendations 
were incomplete or absent prior to 2008, the SSG 
collaboration established in 1979 had led to increas-
ing uniformity of treatment practices in the affi liated 
centres. Adherence to the general treatment strate-
gies of SSG thereby supported similar, if not always 
identical treatment strategies in the two institutions. 
Indeed, there has been a shift over time towards a 
more aggressive surgical approach. In addition, con-
formal 3DRT has since the mid-1990s changed the 
target volume defi nitions and precision of RT, with 
further improvement of conformity with the imple-
mentation of inverse-planning techniques such as 
IMRT and rapid arc in the later years. 

 We have not analysed data concerning comorbid-
ity, representing a potential confounding factor. 
However, comorbidity rarely precludes the adminis-
tration of adjuvant RT if considered indicated. 

 Prognostic factors 

 In the adjusted model, statistical signifi cant factors 
for time to LR were malignancy grade, tumour size, 
positive tumour margin and RT (Table III). Due to 
the small size of the material and restricted degrees 
of freedom, backward stepwise regression was 
performed on the four variables with the lowest 
p-value, confi rming the signifi cance of these factors 
(Table III) .  

 For MFS, RT and high malignancy grade were 
the only signifi cant factors in multivariate analysis 
including backwards stepwise regression. Liposar-
coma subtype was a signifi cant favourable prognostic 
factor compared with leiomyosarcoma in the uni-
variate analysis, but proved insignifi cant after multi-
variable adjustments (Table IV). High age, malignancy 
grade, and absence of RT had a negative effect on 
OS in both univariate and multivariate analyses. 
The same factors were signifi cant in the backwards-
stepwise regression model (Table V).    

 Discussion 

 The most important result of this study was the sig-
nifi cant association between RT and prolonged 
LRFS, MFS, and OS, and the fact that the associa-
tion between RT and LRFS was evident irrespective 
of the surgical margin. In addition, increasing tumour 
size, high malignancy grade, and positive surgical 
margin were, as expected, associated with impaired 
local control. High malignancy grade was another 
risk factor for MFS, and high age and high malig-
nancy grade were additional adverse factors for OS. 

 Our fi nding of RT as a signifi cant factor for local 
control concurs with some [9,10,14], but not all pre-
vious studies [8]. Few other negative observational 
studies and no randomised trials have been published 
on the subject indicating both potential publication 
and selection bias. Unlike most studies, multivariate 

  Table V. Potential prognostic factors for overall survival by simple and multiple Cox regression analysis of 97 RPS patients.  

Univariate Multivariate Limited model

Variable HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Gender (male vs. female) 1.23 (0.71 – 2.12) 0.460 1.24 (0.63 – 2.44) 0.534
Age/10 year 1.31 (1.06 – 1.61) 0.013 1.45 (1.09 – 1.94) 0.011 1.44 (1.12 – 1.84) 0.004
Size/10 cm 1.12 (0.88 – 1.42) 0.366 1.30 (0.93 – 1.82) 0.127
Malignancy grade (high vs. low) 2.81 (1.32 – 5.97) 0.007 3.97 (1.62 – 9.74) 0.003 3.92 (1.67 – 9.17) 0.002
Histopathology

Leiomyosarcoma (vs. liposarcoma) 1.46 (0.80 – 2.65) 0.217 1.33 (0.57 – 3.14) 0.509
Other (vs. liposarcoma) 1.69 (0.73 – 3.88) 0.219 2.93 (1.00 – 8.65) 0.051

Surgical margin (pos. vs. neg.) 1.42 (0.82 – 2.48) 0.213 1.23 (0.64 – 2.34) 0.538
RT (yes vs. no) 0.51 (0.29 – 0.91) 0.022 0.36 (0.18 – 0.72) 0.004 0.32 (0.17 – 0.62) 0.001
Chemotherapy (yes vs. no) 1.49 (0.74 – 3.00) 0.265 2.18 (0.84 – 5.69) 0.110 2.34 (0.97 – 5.65) 0.059

    Numbers presented are HR with corresponding 95% percent CI.   
 CI, confi dence interval; HR, hazard ratio; p, from Likelihood ratio test; RPS, retroperitoneal sarcoma; RT, radiotherapy.   
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 Despite a uniform histopathological classifi cation 
and malignancy grading system, in addition to 
re-evaluation of these two parameters by pathologists 
(authors) at the two centres, a signifi cant higher pro-
portion of high-grade tumours and a higher percent-
age of leiomyosarcoma were found at HUH [11]. 
This fi nding might represent a dissimilar risk profi le 
in the two populations. Alternatively, the practical 
accuracy of the SSG four-tiered grading system may 
be questioned. A low number of rare individual 
tumour types in a limited patient material, and sus-
pected under-referral of low-grade liposarcomas to 
sarcoma centres due to lower morbidity and mortal-
ity, may be contributing explanatory factors. We 
noted a greater preponderance of high-grade malig-
nant RPS (73%) in our material relative to previous 
fi ndings [4,10,17,18]. The relative distribution of 
histological subtypes did not differ greatly from past 
studies [15,19]. Despite the high percentage of high-
grade malignant tumours, the fi ve-year LRFS is 
comparable to other studies investigating both high- 
and low-grade malignant tumours [4,20,21] and 
intermediate to high-grade malignant RPS [22,23]. 

 In the absence of conclusive clinical trials or 
evidence-based recommendations for adjuvant treat-
ment, RT or chemotherapy is sometimes adminis-
tered on an individual basis. Since 2008, SSG has 
recommended consideration of postoperative RT in 
high-grade malignant RPS if macroscopic tumour tis-
sue has been left behind, or, in areas of microscopi-
cally involved tumour margin [11]. Several other 
international guidelines support a similar approach 
[2,24]. Recently, inclusion of patients in the ongoing 
randomised trial of preoperative RT conducted by the 
EORTC has become an option at some SSG centres. 

 In the current study, the majority of patients 
underwent RT after surgery (88%) and only a small 
fraction received preoperative RT (12%). We did not 
differentiate between pre-, intra- or postoperative RT 
in our survival analysis due to the low number of 
cases and few patients receiving RT before surgery. 
Theoretically, preoperative RT in RPS could be ben-
efi cial as it is applied while the primary tumour is 
still displacing the adjacent healthy tissue beyond the 
radiation fi eld. This is advantageous as it limits the 
radiation dose to abdominal viscera, which generally 
have low radiation tolerance. In Jones et   al. ’ s study 
from 2012 [18], preoperative external-beam RT was 
well tolerated as Radiation Therapy Oncology Group 
acute toxicity score was    �    2 in all patients, in contrast 
to toxicity scores  �    3 for 39% of the patients treated 
with postoperative RT and brachytherapy. Acute tox-
icity such as enteritis will be expected in most cases 
of RT involving the intestines and is related to total 
dose and volume of intestine irradiated. Very few 
cases of late effects have been recorded in our data 

set and is most likely underreported, as the retro-
spective design does not allow for accurate scoring 
of toxicity. 

 The typical adjuvant dose in Scandinavia is 
50 Gy/25 fractions. The dose-limiting organs at risk 
combined with large target volumes often preclude 
the administration of higher doses than 50 Gy. Only 
four patients in the current study had doses    �    50 Gy. 
Among the four patients that had doses  �    50 Gy, one 
patient chose to terminate the treatment and in 
another patient RT was discontinued because of 
renal failure. 

 Although details on RT administration were 
incompletely registered, preoperative RT fi elds typi-
cally encompassed areas of potential intra-lesional 
surgery. Postoperative treatment has mainly been 
administered to the tumour bed in cases of micro-
scopically positive margins, or, following R0 margins 
in which the uncertainty was considered substantial. 
The surgical margins in large multivisceral speci-
mens are diffi cult to assess with certainty. When 
denoting an R0 margin, the resection margin was 
reported microscopically uninvolved. However, only 
a restricted area of the tumour circumference was 
examined by the pathologist, and we therefore believe 
that our frequency of R0 resections is overestimated. 
The margin was described as wide in only one of 54 
Norwegian patients. In most cases the R0 margins 
were described as marginal. However, the trend 
towards  “ wide margin surgery ”  including adjacent 
organs and psoas muscle fascia might increase the 
likelihood of complete resections. 

 In this series of patients, RT was associated with 
a survival benefi t also when adjusting for other prog-
nostic factors, suggesting that adjuvant RT could be 
valuable for most RPS patients irrespective of the 
quality of the surgical margin. However, the seem-
ingly positive effect of RT should not motivate less 
aggressive surgery to be  “ polished ”  by RT, on the 
contrary, the best outcome in our analysis is seen 
when negative margin surgery is combined with RT. 
This is widely accepted in extremity STS in which 
adjuvant RT is routinely recommended following 
wide margin surgery in large, high-grade, deep-seated 
tumours. For reasons discussed these results need 
confi rmation in a randomised, controlled study 
investigating advantages and side effects of radio-
therapy in both the acute phase and on long-term 
follow-up.                  
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