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Abstract 

 

Aims: Limb-sparing surgery combined with radiotherapy (RT) is the basis of extremity soft 

tissue sarcoma (STS) treatment. The aim of this study was to evaluate the results of 

microvascular reconstruction after extensive tumour resections in the upper extremity. 

 

Methods: 20 patients with STS of the upper extremity were treated with excision and 

microvascular reconstruction. RT was administered if surgical margins were less than 25mm. 

Results were evaluated retrospectively.  

 

Results: 20 free flaps were performed and no flaps were lost. There was no operative 

mortality, and wound complication rate was 15%. Median follow-up length was 74 months. 

Five-year local recurrence-free survival was 57%, metastasis-free survival 67%, disease-free 

survival 45% and disease-specific overall survival 80%. Ten patients had no or only mild 

impairment of upper extremity function, seven had impaired function affecting daily life, and 

three patients underwent amputation. For patients treated with curative intent, limb salvage 

rate was 94%.  

 

Conclusions: Free flaps are useful and reliable in the treatment of patients with STS of the 

upper extremity. Without microvascular reconstruction limb salvage would have been 

impossible in these patients. Oncological outcome is comparable to other extremity STS 

patients and upper extremity function is acceptable.  

 

 

Keywords: Sarcoma; Reconstructive surgery; Surgical flaps; Upper extremity; Microsurgery; 

Replantation 
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Introduction 

 

 Soft tissue sarcomas (STS) are a rare, heterogeneous group of tumours. In 2000-2005 the 

mean age-adjusted incidence rate of STS in Finland was 2.0/100 000, accounting for less 

than one per cent of adult malignancies [1]. 12 to 15 per cent of STS are located in the upper 

extremity [2,3]. 

 

 In the past, extremity STS was often treated with amputation due to high rates of local 

recurrence after simple resection [4,5]. Today, using a combination of surgery and 

radiotherapy (RT), better functional results are achieved with equal rates of local control [6,7]. 

Modern treatment consists of a multidisciplinary team approach, and limb-sparing surgery 

combined with oncological treatment [8]. 

 

 The required surgical margins of 2-3cm [9] of tumour-free tissue frequently cause large 

defects, and local or free flaps are often required to achieve tension-free wound closure or to 

reconstruct tissue defects. Free flap reconstruction is needed in 11-18% of patients 

undergoing limb-sparing surgery for upper extremity STS [10-12].  

  

 Limb salvage is not always possible, and sometimes amputation is unavoidable [13]. For 

selected cases of proximal upper extremity or shoulder girdle tumours, even forequarter-

amputation is used for curation or for palliative treatment [14]. When simultaneous chest wall 

reconstruction is necessary, fillet flaps from the amputated extremity are useful for 

reconstruction [15,16]. For tumours requiring segmental resection of an extremity, heterotopic 

replantation has been used [17]. 

 

 The aim of this study was to evaluate the results of a single institution in using 

microvascular reconstruction for extensive bone and soft tissue defects after tumour 

resections in the upper extremity. 
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Patients and methods 

  

 Patients treated by the Helsinki University Central Hospital (HUCH) soft tissue sarcoma 

group who had undergone microsurgical reconstruction after upper limb soft tissue tumour 

surgery in 1990-2006 were identified, and their medical records retrospectively reviewed. 

Data concerning patient demographics, tumour characteristics, surgical treatment and 

oncologic and functional outcome were collected from hospital records  

 

Sarcoma group protocol 

 

 Preoperatively, diagnosis is confirmed by fine or core-needle biopsies, and radiological 

examinations (CT, MRI) performed to define local and systemic status of the disease. Before 

sample fixation the pathologist measures tumour size and final histopathological examination 

is then carried out. STS malignancy grading is based on a four-tiered grading system used by 

the Scandinavian Sarcoma Group. Grades 1-2 are considered low malignancy grade, and 3-4 

are considered high grade. Based on the work of Broders, the system considers cellularity, 

cell and nuclear polymorphism, differentiation, necrosis, haemorrhage, mitotic activity, and 

growth pattern for tumour grading [18,19]. 

 

 Wide microscopical margins are defined as ≥ 25mm of healthy tissue or an intact fascial 

barrier separating the tumour from the excision margin. When margins are less than wide but 

no tumour cells are found at the edges of the specimen, excision is defined as marginal. 

Intralesional margins should lead to re-excision in patients treated with curative intent. After 

marginal excision, external beam radiotherapy (EBRT) is delivered to the operative field with 

a dose of 50 Gy during 5 weeks. Selected patients receive adjuvant chemotherapy.  

 

 Follow-up time was five years for STS patients provided there were no recurrences. 

Patients with high-grade disease were examined every second month for the first two years, 

and then every six months. Follow-up protocol for low-grade disease was clinical examination 
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two to three times annually. A chest X-ray was taken at each visit. A CT or MRI scan of the 

operative area was performed annually, beginning at six months postoperatively. 

 

Patient material  

 

 In 1987-2006 the HUCH soft tissue sarcoma group treated 1314 STS patients, of which 

204 had upper extremity tumours. 24 of upper extremity STS patients were treated with 

primary amputation, and direct closure after tumour excision was done in 82 patients. 

Reconstructive procedures were skin graft in 28, pedicled skin flap in 15 and pedicled muscle 

flap in 33 patients. 20 patients required microvascular reconstruction after soft-tissue tumour 

excision, and they were included in this study (Table 1). Two patients had palliative 

procedures for metastasized STS, and they were excluded from oncologic analyses, but 

included in analyses for surgical endpoints and functional outcome. Two patients, one with 

dermatofibrosarcoma protuberans (DFSP) and the other with desmoid tumour, were also 

excluded from oncologic analyses but included in surgical endpoint and functional outcome 

analyses. 16 patients thus remained for analysis of oncologic endpoints.  

 

 In all, there were 20 patients (4 male, 16 female) with a median age of 61 years. Seven 

patients were referred for virgin primary tumours and six for primary tumours after 

intralesional operation. Seven patients were admitted for recurrent tumours.  

 

Tumour characteristics 

 

 Median tumour size was 5.0 cm (range 1.8-29.0). Excluding the two patients treated with 

palliative intent, all tumours were less than 10.0 cm in diameter. 16 soft tissue sarcomas were 

of high malignancy grade and two were of low grade. 17 tumours were extracompartmental 

and three were intracompartmental; all of the intracompartmental tumours were 

subcutaneous.  
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 16 tumours were located distal to the elbow joint. In one patient the joint was affected and 

in three cases the tumour was located above elbow level. Malignant fibrous histiocytoma 

(MFH) was the most common histological STS subtype, present in ten cases. Other 

diagnoses were two fibrosarcomas, two synovial sarcomas, and one sarcoma NOS, 

extraskeletal chondrosarcoma, epitheloid sarcoma and malignant peripheral nerve sheath 

tumour (MPNST).  

 

Reconstructive procedures 

 

 All operations were performed as single-stage procedures. Simple tumour excision and 

microvascular reconstruction of the defect was done for 17 patients. The free flap contained 

bone in three of these. Two forequarter-amputations with fillet flaps from the amputated 

extremity were performed. In one of these, the fillet flap was also used for chest wall 

reconstruction. In addition, a patient with synovial sarcoma affecting the elbow joint had 

replantation of the distal forearm to the upper arm after segmental resection of the elbow 

area. 

 

 Tendon reconstruction was performed in eight cases, and nerve reconstruction in six 

cases. In addition one latissimus dorsi flap was used as an innervated functional flap, the 

motor nerve of the flap sutured to the radial nerve at the recipient site. Recipient site skin 

grafting was necessary in two cases.  

 

 Median duration of operation was 310 minutes (range 195-575) and median flap ischemia 

time was 64 minutes (range 31-216). Median perioperative bleeding was 650 ml (range 150-

8000).  
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Surgical margins 

 

 For curatively treated STS patients, wide microscopical margins were achieved in seven 

patients, and marginal excision in eight patients. In one patient, final histopathological 

examination showed intralesional margins, and humeral amputation was performed.  

 

Oncological treatment 

 

Five patients with wide surgical margins had no oncological treatment. Eight STS patients 

with marginal excision underwent postoperative external beam radiotherapy (EBRT). In 

addition, two patients with wide excision received postoperative EBRT. Preoperative 

radiotherapy was given to one patient with a large, high-grade tumour. This patient was also 

the only one to receive chemotherapy, which was given both as neoadjuvant and adjuvant 

treatment. In three cases, including the two palliatively treated patients, EBRT could not be 

used because of earlier radiotherapy.  

 

Statistical analysis 

 

 SPSS for Windows (v 15.0, SPSS Inc., Chicago, Illinois) was used for statistical analysis. 

Oncologic endpoints were: local recurrence-free survival (LRFS), metastasis-free survival 

(MFS), disease-free survival (DFS) and disease-specific overall survival (DSOS), calculated 

by the Kaplan-Meier method. Values refer to outcome at five years. Prognostic factors for 

surgical complications were analyzed with chi-square- and Fisher’s exact test. P-values of 

≤0.05 were considered significant.  
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Results 

 

Flap survival and complications 

 

 There was no postoperative mortality and no free flaps were lost. One patient required 

immediate reoperation for reanastomosis of the flap vein (Patient 17). Another patient 

underwent donor site haematoma evacuation on the first postoperative day (Patient 7). In one 

case, reosteosynthesis of the fibula flap was performed the day after the initial operation 

(Patient 5). Wound revision was necessary in two patients for minor wound complications 

(Patients 17 and 20). In all, three patients had wound complications requiring one or more 

operative procedures, giving a wound complication rate of 15%.  

 

 One patient with osteoradionecrosis and subsequent fistula at nine months was treated 

with repeated wound revisions. Successful closure was achieved at 14 months after coverage 

with a pedicled flap. Later remodelling of the flap was carried out in three cases to achieve a 

more satisfactory aesthetic or functional result. The patient that had undergone 

humeroantebrachial replantation had surgery at four months to adjust the position of the 

replant for better function. No significant prognostic factors predicting surgical complications 

were identified in statistical analysis.   

 

Oncologic outcome 

 

 Oncologic outcome was analyzed in 16 soft-tissue sarcoma patients treated with curative 

intention. Median length of follow-up was 74 months (range 19-187). Five-year estimated 

local recurrence-free survival (LRFS) was 57%, metastasis-free survival (MFS) 67% and 

disease-free survival (DFS) 45%. Disease-specific overall survival (DSOS) was 80% at five 

years (Figure 1).  

  

 Seven patients developed a local recurrence at a median of 37 months (range 6-61). 

Patients with >5.0 cm tumours were significantly more likely to have a local recurrence than 
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those with 5.0 cm or smaller tumours (LRFS 20% vs. 78%, P=0.004). Local recurrence was 

also more likely for higher-grade tumours; LRFS for grade 2 tumours was 100%, for grade 3 

tumours 67%, and for grade 4 tumours 29% (P=0.021). Metastasis developed in seven 

patients. Median time to metastasis was 33 months (range 4-117). Seven out of 16 patients 

have died of disease, at a median of 72 months (range 21-187) after surgery. Tumour size 

over 5.0 cm was a significant predictor of disease death (DSOS 60% vs. 91% for patients with 

0-5.0 cm tumours, P=0.028) 

 

 The two patients who underwent palliative surgery for advanced STS both died from 

disease, at two and 13 months. The two patients operated for DFSP and desmoid tumour are 

both disease free at a 112 and 133 months, respectively.   

 

Functional outcome 

 

 Eight patients experienced no impairment of function in the upper extremity during follow-

up. Two patients experienced some impairment of function not affecting daily activities. Seven 

patients had impaired upper extremity function significantly affecting daily activities. Two 

patients underwent planned primary forequarter amputation, and humeral amputation was 

performed in one patient due to intralesional surgical margins.  

  

 Because of local recurrences at one, two and four years after free flap sarcoma surgery, 

late amputations were necessary in three patients. Excluding the two planned forequarter 

amputations this gives an early limb salvage rate of 94%, and 78% limb salvage rate at five 

years. In all, five amputations were performed in curatively treated patients.  
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Discussion 

 

 Soft tissue sarcoma of the upper extremity is rare; only few cases are encountered 

annually in Finland with 5.3 million inhabitants [1]. Microvascular reconstructive surgery after 

sarcoma resection is required in a significant proportion of these patients, but remains a 

procedure that few surgeons become familiar with. This is, to our knowledge, the largest 

series to date on upper extremity STS focusing on limb salvage and free flap reconstruction.  

 

Limb salvage and upper extremity reconstruction 

 

 Oncologically safe surgical margins, preserving a functional limb and a good aesthetic 

result are the goals of limb salvage surgery for STS. Limb salvage does not adversely affect 

oncological outcome [6,7], and the functional benefits of limb salvage with soft tissue 

reconstruction in sarcoma surgery have been established [20]. Free flaps provide well-

vascularised tissue facilitating wound healing, and also tolerate radiotherapy well. In addition, 

no further morbidity is caused to the extremity. A wide array of free flaps is available for 

reconstruction following upper extremity tumour resection, and the choice of flap is based on 

defect size, types of tissue required, postoperative functional goal, and surgeon preference. 

For reconstruction of long segments of bone, the free fibular flap is preferred [21,22]. 

 

Disease recurrence and survival 

 

 Follow-up in this series was long, with a median follow-up of 74 months, attributable to the 

centralized care of these patients. Oncological results were comparable to studies with similar 

patient material [9]. Other works on upper extremity STS have reported rates of local 

recurrence of 17-25% with variable lengths of follow up [11,12,23]. In a study including 80 

patients with STS of the upper extremity treated at the authors’ institution between 1987 and 

1999, local recurrence was less common (LRFS 79%), but MFS and DSOS were comparable 

to the present study [12]. Only 19% of patients in the earlier study presented with recurrent 

tumour compared to 35% in this series, which may explain our higher rate of local recurrence; 
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local recurrence at presentation has been shown to predict further local recurrences [24]. Kim 

et al reported their results in treating 17 patients with limb salvage and microvascular 

reconstruction [10]. We have reported very similar outcomes, the slightly lower LRFS and 

DSOS (50.0 and 61.3%, respectively) of Kim et al likely explained by their more challenging 

patient material with mostly high-grade, recurrent sarcomas. 

  

Functional outcome 

 

 A variety of scoring systems have been used for functional evaluation after upper 

extremity tumour surgery [25,26]. Limb salvage and microvascular reconstruction did not 

adversely affect functional outcome in a previous study after upper extremity STS resection 

[27]. Due to the retrospective nature of this study, quantitative tools for assessment of 

functional outcome were unavailable, but the majority of our patients experienced normal or 

only mildly impaired upper extremity function.  

 

Further treatment options 

 

 In the future, techniques like composite tissue allotransplantation, or advanced myolectric 

prostheses, combined with targeted reinnervation surgery, or dielectric elastomers [28-30] 

could provide us with readily available, easy-to-use components for reconstruction of the 

upper extremity. At present these remain, however, experimental techniques, and locally 

available tissue, or of pedicled or free flaps must be used for reconstruction.   
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Conclusions 

 

 When tension-free wound closure and cavity filling after STS surgery cannot be achieved 

using locally available soft tissues, microvascular reconstruction is needed. Free flaps provide 

well-vascularised tissue to the site, promoting wound healing and thus facilitating early 

administration of oncological treatment. Microvascular reconstruction is safe and reliable for 

defects after soft tissue sarcoma resection, and functional outcome is generally good. Due to 

the rarity of these procedures, treatment should be planned and carried out in centres with 

the necessary multidisciplinary resources.  
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Figure captions:  

 

Figure 1. Outcome for 16 soft tissue sarcoma patients treated with limb salvage and 

microvascular reconstruction with curative intent. DSOS = disease-specific overall survival, 

MFS = metastasis-free survival, LRFS = local recurrence-free survival.  
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Table 1  
Patient and tumour characteristics 

Patient Tumour histology Grade Size Free flap DSOS (months) Status 
1a MFH 4 20.0 latissimus dorsi 2 DOD 
2a extraskeletal chondrosarcoma 3 29.0 fillet (antebrachium)b 13 DOD 
3 MFH 4 8.0 fillet (antebrachium)b 26 DOD 
4 MFH 4 4.5 tensor fascia latae 31 DUC 
5 MFH 4 7.0 fibula 40 DOD 
6 sarcoma NOS 2 1.8 scapular 87 NED 
7 MFH 4 6.0 latissimus dorsi 58 NED 
8 synovial sarcoma 3 5.0 antebrachial replantation 21 DOD 
9 fibrosarcoma 3 6.0 radial forearm 72 DOD 
10 MFH 4 9.0 tensor fascia latae 62 DUC 
11 MFH (myxoid) 2 5.0 radial forearm 76 NED 
12 MPNST 4 2.5 anterolateral thigh 31 NED 
13 epitheloid sarcoma 3 3.0 latissimus dorsi 187 DOD 
14 synovial sarcoma 3 3.0 fibula 165 NED 
15 desmoid tumorc - 5.8 scapular 112 NED 
16 MFH 3 2.5 radial forearm 96 NED 
17 MFH 4 4.5 latissimus dorsi 155 NED 
18 MFH 3 4.5 tensor fascia latae + crista iliaca 145 DOD 
19 DFSPc 1 3.0 radial forearm 133 NED 
20 fibrosarcoma 3 5.0 latissimus dorsi 130 DOD 

MFH: malignant fibrous histiocytoma, NOS: not otherwise specified, MPNST: malignant peripheral nerve sheath tumour, DFSP: 
dermatofibrosarcoma protuberans. DSOS: disease-specific overall survival. DOD: dead of disease, DUC: dead of unrelated cause, NED: 
no evidence of disease. 
aPalliative treatment intent. bPrimary amputation. cNon-sarcoma, excluded from oncological endpoint analyses.  
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