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A B S T R A C T   

Background: Synovial Sarcoma (SS) is a rare soft tissue sarcoma. Mean time to get a SS diagnosis from the onset of 
symptoms is 10 years, furthermore, SS is associated with late metastasis. Surgery is the main treatment option, 
whose quality deeply affects SS outcomes, and it can be associated to preoperative or post-operative radio
therapy. Chemotherapy is considered very effective in Children, while in adults its efficacy is still under debate. 
The aim of this study was to investigate the oncologic results in SS treatment and to identify the risk factors for 
local and systemic control of the disease. 
Methods: From 1994 to 2018, 211 patients affected by SS were treated in 3 Referral Centres of Orthopaedic 
Oncology. One hundred seventy-seven patients were included in the study, the median follow-up length was 96 
months (5–374). 
Results: Overall Survival on the Kaplan Meier Analyses was 80%, 70% and 56% at 5, 10 and 20 years. In 
multivariate analyses, OS correlated with tumour size and negative surgical margins. Chemotherapy use wasn’t 
associated with better survival although patients who underwent CT had bigger and more aggressive tumours. 
Conclusions: Our findings suggests that surgery with negative margins is the most important factor in Synovial 
Sarcoma. Adjuvant treatments as chemotherapy and radiation therapy didn’t change the disease’s course.   

1. Introduction 

Synovial Sarcoma (SS) is a rare tumour, representing approx
imatively 5–10% of all soft tissue sarcomas (STS). It can affect patients of 
any ages, even though ninety percent of SS arise in people younger than 
60 years old, with a peak incidence around 35 years of age.1–5 Synovial 
Sarcoma was firstly described in 1865 as a tumor originating from sy
novial membrane cells while, at present, the mesenchymal stem cell is 
indicated as the progenitor cell by most of the authors.2,4–7 Despite the 
name, only less than 10% of SS arise within a joint capsule, while the 
vast majority arise in the extremities near tendineous insertions or 
bursae, with potential occurrence in any site.4 In most patients, SS grows 
slowly with an indolent course, without apparent local aggressiveness, 
although associated with metastatic potential and tendency to distant 
relapse, mainly to the lung and lymph nodes.8–10 Synovial Sarcoma has 

still an unfavourable prognosis and, during the last decades, very little 
has changed in outcome despite advancement in surgery, radiotherapy 
and chemotherapy.11,12 The cornerstone of treatment remains surgery, 
commonly associated with radiotherapy,13,14 with excellent local con
trol rate.15,16 Usually, preoperative RT is preferred because of lower 
dose and volume of irradiation.9 Although SS have been described as one 
of the most chemo-sensitive STS,17 the efficacy of chemotherapy is still 
under debate.7,9,18–28 A longer disease-free survival seems to be asso
ciated to the use of chemotherapy but there is little evidence about any 
advantage on overall survival.18,29–32 Major prognostic factors predict
ing survival in SS are age, stage, size, site (extremities VS trunk) and 
local recurrence,3,10,22,24,33–37 the latter being object of debates in recent 
years.22,38 Except for the rare monophasic epithelioid-cell subtype 
which is associated with worse survival, no differences in outcome 
among different histologic subtypes was demonstrated,3 although for 
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some authors, monophasic subtype is associated with worse prog
nosis.34,39,40 The aim of this observational retrospective multicentric 
study was to investigate the oncologic results of multimodal treatment of 
synovial sarcoma and to identify the risk factors for local and systemic 
control of the disease. 

2. Materials and methods 

From 1994 to 2018, 211 patients affected by SS were treated in 3 
Referral Centres of Orthopaedic Oncology: Careggi University Hospital 
in Florence (Italy), Cisanello University Hospital in Pisa (Italy) and Ege 
University in Izmir (Turkey). Only patients with a minimum follow-up of 
24 months or with an event occurred within 24 months (death, local 
recurrence, metastasis) were included in the study. One hundred 
seventy-seven patients were included in the study. Patients’ data were 
retrieved from electronic medical record and imaging studies, or phone 
interviews. A needle biopsy was performed in every patient who un
derwent planned excision. Multidisciplinary meetings in both hospitals 
were responsible of decision making around indication of adjuvant or 
neo-adjuvant therapies for each patient involved. Generally, patients 
with deep-seated and bigger than 5 cm tumours received both chemo 
and radiotherapy. Chemotherapy regimen was based on Adriamycin and 
Ifosfamide. Radiation dose was 1,8Gy/day with total 50,4Gy. The sur
veillance protocol applied in all the involved centres consisted in follow- 
up visits every 3 months for the first 2 years after surgery, then every 4 
months for the 3rd year, then every 6 months for the 4th and 5th year, 
after which patients were seen on an annual basis until at least 10 years. 
Imaging at every visit included local MRI or ultrasound and chest CT 
scans or radiographs. 

The median age of the patients was 55.7 years (7–94), the median 
follow-up period was 96 months (5–374). In Table 1 there are listed all 
patients’ characteristics. Most tumours were in the extremities (97%), 
57% percent of patients underwent radiotherapy (adjuvant or neo- 
adjuvant) while 55% received chemotherapy. Nine patients (5%) had 
positive (intralesional) margins on pathologic examination, while 24% 
of them had intralesional or marginal pathological results (Table 1). 

2.1. Statistical analysis 

Patients’ characteristics are presented by frequencies and percent
ages for categorical variables, median and range for continuous vari
ables. The Kaplan Meier curves were calculated to estimate overall 
sarcoma-specific survival (OS), local recurrence (LR)-free survival and 
distant metastasis (DM)-free survival. Cox proportional Hazard Model 
was used for multivariate analyses. Local recurrence-free survival and 
DM-free survival time intervals were defined as the time between sur
gery and the first LR or DM, respectively, or last follow up available. 
Similarly, OS interval was defined as the time between surgery and 
death or last follow-up, considering what event came firstly. Patients 
who died of other causes were censored. Differences in survival rates 
were assessed by the log-rank test. P values < 0.05 were considered 
significant. All analysis was completed using the Statistical Package for 
Social Science (IBM Corp. Released 2021. IBM SPSS Statistics for Win
dows, Version 28.0. Armonk, NY: IBMCorp.). 

3. Results 

3.1. Patients demographics 

One-hundred and seventy-seven patients were included in this study, 
93 females and 84 males with a mean age of 49 years old. Eighty-one 
patients had tumours less than 5 cm in max diameter size, 72 between 
5 and 10 cm, while 24 more than 10 cm. One-hundred and twenty-eight 
patients were affected in their lower extremities, 44 in upper extremities 
and 5 in trunk. Ninety-five patients had their first tumour excision in one 
of our tertiary centres (planned excision), 48 came to our attention for a 

re-excision after a first unplanned tumour excision, while 34 underwent 
excision of a local recurrence. Forty-six patients (26%) were metastatic 
at diagnosis, 102 received radiotherapy (adjuvant or neo-adjuvant) 
while 98 patients received chemotherapy. Considering surgical mar
gins, 134 patients had wide or radical surgical margins after the oper
ation in one of our centres, while 43 had intralesional or marginal 
surgical margins. Patients treated in Izmir had a significant lower mean 
age compared to who have been treated in Florence or Pisa (33.4 vs 
55.7, p < 0.001) and had significantly bigger tumour sizes. Patients in 
Izmir received radio or chemotherapy in much higher rates than who 
was referred to Pisa or Florence (Patients demographics are resumed in 
Table 1). Mean follow-up length was 96 months (5–374). 

3.2. Treatment outcomes 

At follow-up, 52 patients had died and 125 were alive, 35 after 
treatment for relapse and 88 continuously disease free. There have been 
37 local recurrences (21%) and 65 metastasis (36%) excluding patients 
who had a preoperative metastasis or who was treated for a local 
recurrence excision at presentation. Thirty-six of the Sixty-five patient 
who had post-operative metastasis received adjuvant chemotherapy 
after surgery. Twenty-one out of 37 patients who had a local recurrence 
received adjuvant radiotherapy while 16 received adjuvant chemo
therapy. Mean time for the occurrence of a local recurrence was 40,5 
months (range 1–146). Ten patients with an upper extremity tumour 
experienced a local recurrence compared to 25 with a lower extremity 

Table 1 
Patient demographics.   

Florence +
Pisa 

Izmir Total Significance 

Age 55,7 (SD 17) 33,4 (SD 
16) 

49 
(SD19) 

p<0.001 

Site 
Upper extremities 33 11 44 p = 0.9 
Lower extremities 94 34 128 
Trunk 4 1 5 

Gender 
M 62 22 84 p = 0.5 
F 69 24 93 

Clinical Scenario 
Planned Excision 64 31 95  
Re-Excision 43 5 48 
Excision of a 

Recurrence 
34 10 34 

Pre-operative 
Metastasis 

12 (9.1%) 7 (15%) 46 (26%) p = 0.9 

Dimensions 
<5 cm 71 10 81 p<0.001 
>5 cm < 10 cm 43 29 72 
>10 cm 17 7 24 

Neo adjuvant RT 
yes 27 (21%) 20 (43%) 47 p:0.004 
no 104 26 130 

Adjuvant RT 
yes 40 (30%) 32 (69%) 72 p<0.001 
no 91 14 105 

Neo Adjuvant CT 
yes 34 (26%) 32 (43%) 54 p<0.001 
no 97 14 123 

Adjuvant CT 
yes 38 (29%) 37 (80%) 75 p<0.001 
no 93 9 102 

Margins 
wide + radical 118 16 134 p<0.001 
intralesional +

marginal 
13 28 43  
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tumour and 2 with a tumour located in the trunk. Overall Survival on the 
Kaplan Meier Analyses was 80%, 70% and 56% at 5, 10 and 20 years 
respectively. Analysing prognostic factors as tumor presentation (plan
ned excision, re-excision, excision of a recurrence), surgical margins, 
site, size, use of adjuvant therapies, age, no correlation with local con
trol was observed. Metastasis free survival (MFS) was correlated with 
clinical scenario (p:0.016), with 72% and 50% (5- and 10-years) survival 
in patients who underwent a planned excision, 86 and 80% in who 
underwent a re-excision and 75 and 58% after an excision of a recur
rence. Patients who underwent a planned excision had significantly 
bigger tumours. Furthermore, in univariate analysis, surgical margins 
had a significant impact on MFS with a 79-68% and 69-40% survival at 5 
and 10 years in patients with wide or radical and intralesional or mar
ginal resections respectively. Tumour size was a predictive factor of MFS 
(tumour <5 cm 90-81% at 5 and 10 years; tumour >5 cm 69-49%; 
tumour >10 cm 49-21%; p < 0.001), while patients who received 
chemotherapy had worse prognosis (p < 0.001), although a selection 
bias must be taken in account in these subgroups of patients. In multi
variate analyses (Table 3), MFS was correlated to dimensions and the 
occurrence of a local recurrence. In fact, patients with bigger than 5 cm 
tumours had an HR to develop a distant recurrence of 2.9 (95 CI: 
1.4–6.2, P:0.005) and patients with bigger than 10 cm tumours had an 
HR of 10.2 (95 CI: 3.8–27.2, p < 0.001), while who experienced a local 
recurrence had a HR of 2.5 (95 CI: 1.5–4.9). Clinical Scenario, Surgical 
Margins, operative site, and adjuvant therapies didn’t significantly 
impact the MFS on multivariate analyses, only surgical margins were 
close to statistical significance level. The same prognostic factors had a 
significant impact in univariate analyses on overall survival (Data 
summarized in Table 2 and Figs. 1, 2 and 3). In multivariate analyses, 
performed excluding patients who had metastasis at diagnosis, Overall 
Survival (OS) correlated with tumour size: tumours >5 cm had 2.8 (95 
CI: 1.3–5.8) Hazard Ratio (HR) for death linked to cancer (p < 0.008), 
>10 cm had 3.2 HR (95 CI: 1.2–9.5; p:0.03). Surgical margins impacted 
significantly on OS, with a HR of 2.4 (95 CI: 1.2–4.9; p:0.01) while 
having a first local recurrence resulted in higher risk of death caused by 
the tumour, with 2.9 HR (95 CI: 1.5–5.9; p:0.05). Not receiving 
chemotherapy was associated with better survival (HR: 0.4; 95 CI: 
0.2–0.8; p:0.02), while, considering only patients who had tumours 

bigger than 10 cm, chemotherapy didn’t show any impact on overall 
survival. 

4. Discussion 

Synovial Sarcoma (SS) is a soft tissue sarcoma histotype that despite 
all advancement in multimodal treatment and excellent rates of local 
control has still an unfavourable prognosis. The role of surgical margins 
and chemotherapy on overall survival of patients affected by SS is still 
under debate. This study aimed to investigate, with a large cohort of 
patients treated in 3 different centres, prognostic factors in SS, focusing 
on the impact of surgical margins and chemotherapy on local and sys
temic control of the disease. With numbers available, no one of the 
analyzed prognostic factors significantly correlated with local control of 
the disease. However, surgical margins continue to represent a major 
issue in SS treatment as in our study positive margins impacted nega
tively on MFS and OS. On the other hand, the use of chemotherapy was 
not associated with prolonged survival, even though a selection bias 
should be considered, as perioperative CT was usually reserved to 

Table 2 
Multivariate analysis of overall survival predictive factors.  

Factor HR 95% CI P value 

Clinical Scenario 
Planned excision 1 0.2-1.3  
Re-excision 0.5  p:0.2 
Excision of a recurrence 1.1 0.5-2.5 p:0.8 

Surgical Margins 
wide + radical 1 1 p:0.01 
Intralesional + marginal 2.4 1.2–4.9 

Site 
Upper extremities 1   
Lower extremities 1.4 0.6-2.5 p:0.9 
trunk 1.3 0.3–3.1 p:0.8 

Dimensions 
<5 cm 1 1  
>5 < 10 cm 2.8 1.3–5.8 p:0.008 
>10 cm 3.2 1.1–9.5 p:0.03 

Radiotherapy 
yes 1 0.4-1.8 p:0.9 
no 0.9 

Chemotherapy 
yes 1 0.2-0.8 p:0.02 
no 0.4 

Local Recurrence 
yes 2.9 1.5–5.9 p:0.003 
no 1  

Table 3 
Multivariate analysis of metastasis free survival predictive factors.  

Factor HR 95% CI P value 

Clinical Scenario 
Planned excision 1   
Re-excision 0.8 0.3-1.5 p:0.3 
Excision of a recurrence 0.3 0.6-2.5 p:0.5 

Surgical Margins 
wide + radical 1 1 p:0.08 
Intralesional + marginal 1.7 0.9-3.3 

Site 
Upper extremities 1   
Lower extremities 1.4 0.7-2.9 p:0.3 
trunk 0.6 0.07–5 p:0.7 

Dimensions 
<5 cm 1 1  
>5 < 10 cm 2.9 1.4–6.2 p:0.005 
>10 cm 10,2 3.8–27.2 p<0.001 

Radiotherapy 
yes 1  p:0.1 
no 1.6 0.8-2.9 

Chemotherapy 
yes 1  p:0.1 
no 0.6 0.3-1.2 

Local Recurrence 
yes 2.5  p:0.004 
no 1 1.5-4.9  

Fig. 1. Margins on Overall Survival, wide or radical margin compared to 
intralesional or marginal margin. 
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locally advanced disease. 
The role of surgical margins in overall survival both in STS and SS has 

been long debated. While on one side, it has been generally accepted 
that a negative margin is paramount to have good oncological outcomes, 
in recent years many authors haven’t found a clear correlation between 
adequate surgical margins and overall survival.41 Indeed, Brecht et al.,38 

in a cohort of 150 patients younger than 21 years old with localized SS, 
did not find any difference in survival between patients with negative or 
positive surgical margins. Similarly, Guillou et al.33 did not observe a 
different outcome on overall survival comparing patients with micro
scopically positive or negative margins. In addition, Shi et al.35 did not 
find any correlation between surgical margin quality (wide + radical VS 
marginal) and local recurrence rate or overall survival. Even De Silva ey 
al36 found out similar results in his series. On the other hand, Italiano 
et al.,22 in a multivariate analysis of a 237 patients’ cohort with localized 
SS observed a significant worse OS in patients without a R0 surgical 
margin. Accordingly, Krieg10 reported a significant association between 
negative surgical margins and better overall survival in a setting where 
most patients had been treated incorrectly. Patients with wide resection 
had better prognosis if compared to patients who had intralesional or 
marginal resection, even when radiotherapy was associated. Finally, 
Trassard et al.,37 in a 128 patients’ cohort found out that surgery with 
microscopically negative margins was associated with better disease 
specific survival on univariate analysis, even though this correlation was 
not confirmed on multivariate survival analysis. These conflicting 

results could be due to the different surgical margins classifications that 
are currently used, some considering only the quality margins, while 
others based on the distance between the closest margin and the tumour. 
In this study, using qualitative margins MSTS classification,67 we found 
a strong correlation between adequate surgery and overall survival. 
Thus, it seems crucial to focus on surgery planning in order to obtain 
negative surgical margins. 

The impact of local recurrence on distant metastasis and mortality is 
a long-debated topic. Some authors suggest that there is no causal cor
relation between LR and systemic control as they just reflect the inner 
biological aggressiveness of the neoplasm.41–49 Conversely, other au
thors suggest that LR have a direct impact on distant metastasis and 
overall survival.50–66 It is indeed very hard to solve this enigma, since in 
STS research most studies are retrospective, and with this methodology 
it’s hard to detect a direct cause-effect relationship between a first local 
recurrence and patients’ survival. Our results are in favour of the latter 
hypothesis, since in our study group after a first local recurrence there 
was an Odds Ratio to specific death of 2.9. STS capability to give 
metastasis is unique and relative to every single tumour and it has been 
postulated that tumour aggressiveness is quite entirely dependent on its 
inherent biology. In our opinion, even if there’s no direct evidence, it 
could be assumed that after one or more recurrences, changes in tumour 
DNA could result in a higher aggressiveness and metastatic potential. 
Indeed, Bianchi et al.34 observed that locally recurrent SS were associ
ated with worse overall survival, suggesting a progression into a more 
aggressive tumour in LR. 

The role of chemotherapy in multimodal treatment of synovial sar
coma have been deeply investigated. Better results with chemotherapy 
were observed in paediatric patients than in SS of the adult.3,9,12–15,29 

Most authors recommend using chemotherapy only in large (>5 cm) and 
deep seated localized and metastatic SS.18,29–32 Our results showed that 
who received chemotherapy didn’t have a clear beneficial effect on 
overall survival although there’s an obvious selection bias since who 
received chemotherapy had bigger tumour size and more aggressive 
ones compared to who didn’t receive it. 

5. Study limitations 

The present study has several limitations: firstly, this is a retrospec
tive observational multicentric study. Given the rarity of the disease, a 
multicentric study allows a higher number of cases, although data 
collection and results can be influenced by including three different 
tertiary centres with possible different therapeutic strategies. Another 
limitation is represented by the differences in population characteristics 
and type of treatments in our centres. In Turkey, younger patients with 
bigger tumours have been treated, receiving more often chemotherapy 
and radiotherapy compared to patients treated in Italy. This could be 
considered as a confounding factor but including patients with different 
characteristics helped us to define the independent role of prognostic 
factors to affect the outcome. Nevertheless, we do believe that, despite 
some important limitations, the current study has given solid and 
coherent results. 

6. Conclusions 

Our findings suggests that surgery with negative margins is para
mount and the most important factor in multimodal treatment of Sy
novial Sarcoma. 
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