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Background: This study assessed the efficacy of pulmonary metastasectomy for synovial sarcoma in adult
patients. Methods: Fifty patients, diagnosed with pulmonary metastasis from June 1990 to August 2010, were
reviewed retrospectively. Twenty-eight patients underwent complete pulmonary metastasectomy, and their
survival was evaluated. Age, sex, time to metastatic progression, laterality, number of tumors, size of largest
nodule, and number of metastasectomies were analyzed as potential prognostic factors. Results: In all, 29 pa-
tients underwent at least one pulmonary metastasectomy, and 51 resections were performed. One intra-
operative mortality occurred, and the 5-year survival rate was 58.4%. Bilateral metastases and early meta-
static progression were associated with poor survival in multivariate analyses. Conclusion: Surgical resection
can be a good option for treating pulmonary metastasis in patients with synovial sarcoma. Repeated re-

section was feasible with low mortality and morbidity.
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Introduction

Synovial sarcoma (SS) is a very rare but highly
malignant neoplasm of soft tissue that accounts for
5%-10% of malignant soft-tissue sarcomas and is the
most common non-rhabdomyosarcoma in pediatric
patients [1-3]. According to reports from Western
countries, the majority of patients are 15 to 30 years
of age [1] and 30% of SSs are diagnosed in patients

less than 20 years old [4]. The most commonly af-
fected site is the popliteal fossa of the knee. About
80%95% of SSs occur in the extremities, more com-
monly in lower (60%-71%) than in upper extremities
(16%-25%) [5].

The lungs are the most common site for distant
metastasis, and a pulmonary metastasis occurs in
50%-70% of patients [6]. Most studies on SS have
regarded pulmonary metastasectomy as a good prog-
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nostic factor [7-12], whereas other studies have re-
ported no significant differences in survival [13]. Only
one study focused on pulmonary metastasectomy and
evaluated the prognostic factors in pediatric patients
[7].

In this study, we focused on adult patients who
underwent complete resection of a pulmonary meta-
stasis, to help define the long-term survival and
prognostic factors for such patients.

Methods

A total of 145 patients who were diagnosed with
SS and had undergone complete resection of the pri-
mary site at Korea Cancer Center Hospital between
June 1990 and August 2010 were enrolled in our
study. Among them, 50 patients had developed pul-
monary metastasis, and 29 had undergone a pulmo-
nary metastasectomy.

Pulmonary metastasectomy was attempted in all
cases whenever complete resection was feasible, but
the size and number of nodules were not considered.
A median sternotomy was performed preferentially
when bilateral metastases were suspected, a thor-
acotomy was done when unilateral metastasis was
obvious, and video-assisted surgery (VATS) was con-
ducted in selected cases. Digital palpation and man-
ual resection were the principle operative procedures
to preserve normal lung parenchyma. Repeated re-
section was done for recurrent pulmonary metastases.
Computed tomography scans were taken every 3
months during follow-up for the first 2 years after
metastasectomy and every 6 months thereafter. Re-
gular magnetic resonance imaging follow-up was per-
formed at the primary tumor site, and ultrasono-
graphy was used if needed.

Survival was defined as the time interval from first
pulmonary metastasectomy until death (or the last
recorded follow-up). Early progression was defined
when pulmonary metastases were diagnosed within 1
year from the operation for primary disease. Survival
was analyzed using the Kaplan-Meier method, and
survival between groups was compared to the log-
ank test. The Cox proportional hazards model was
used for multivariate analyses. A p-value <0.05 was
considered significant.

Table 1. Patient characteristics

Characteristic Study group (n=29)

Age (yr) 32 (17-63)
Sex

Male 14

Female 15
Time to progression

Early progression (<1 yr) 15

Late progression (>1 yr) 14
Laterality

Unilateral 20

Bilateral 9
Histologic subtype

Monophasic 18

Biphasic 7

Others 4
No. of nodules detected by CT 3.7+4.4
Mass size on CT (cm) 1.5£1.06

Values are presented as median (range), number, or meanz
standard deviation.
CT, computed tomography.

Results

Median patient age was 32 years (range, 17 to 63
years) at diagnosis, and 14 males and 15 females
were included. Nine patients presented with early
progression, and 9 patients presented with bilateral
metastases (Table 1). Median follow-up was 67.9
months (range, 10.4 to 216.5 months). In all, 51 re-
sections were performed in 29 patients, complete re-
section was achieved in 50 cases. A median sternot-
omy was done in 14 cases, thoracotomy in 32 cases,
and VATS in 5. There was 1 segmentectomy, 1 lobec-
tomy, and 1 pneumonectomy. Twelve patients under-
went a second operation, and 5 received a third
metastasectomy. A female patient who was diagnosed
at 26 years received 7 pulmonary resections, sur-
vived for 11 years from the first metastasectomy,
and has been living for 3 years without any signs of
recurrence. One operative mortality occurred: a 57-ear-
ld female received a pneumonectomy as a fourth
metastasectomy and died on postoperative day 1 due
to sudden cardiac arrest (Fig. 1). The median length
of survival was 79.5 months (95% confidence inter-
val, 51.7 to 107.2), and the 5-year survival rate was
58.4%. Multivariate analyses of patients who under-
went metastasectomy showed that bilateral disease
(p<0.01) and early progression (p=0.004) were sig-
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nificant prognostic factors. The number of meta-
stasectomies was not a significant risk factor for sur-
vival (Table 2).
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Synovial sarcoma is a rare but highly malignant
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Table 2. Multivariate Cox proportional hazard analysis of pa-

tients who underwent pulmonary metastasectomy

Hazard ratio (95%

Variable confidence interval) p-value
Male gender 3.00 (1.06-8.45) 0.038
Bilateral metastasis 12.24 (3.21-46.67) <0.001
Early progressiona) 5.12 (1.68-15.64) 0.004

IMetastases diagnosed within 1 year from the operation for
primary disease.

disease; thus, most hospitals have limited clinical ex-
perience with it. A few clinical studies have been
conducted, but most have reported a small number
of cases. The mean patient age in Western studies is
15-30 years, whereas East Asian studies have re-
ported a mean age of >34 years [14-16], suggesting
that the patient populations in these studies may not
have been fully representative or that some ethnic or
epidemiological differences were undetected.

The lungs are the most common site of distant
metastasis in patients with SS, but treatment of pul-
monary metastasis is controversial. Although SSs are
chemosensitive, patients who undergo chemotherapy
for a pulmonary metastasis of a soft-tissue sarcoma
generally gain no survival benefit [11,12]. Lanza et
al. [11] reported that preoperative chemotherapy in
patients with soft-tissue sarcomas does not affect
survival after pulmonary metastasectomies.

Pulmonary metastasectomy is not a well-estab-
lished treatment for SS. Spurrell et al. [13] reported
no survival gain in patients who underwent pulmo-
nary metastasectomy. In contrast, Stanelle et al. [7]
published positive outcomes of pulmonary metastasec-
tomy in patients with SS. They retrospectively re-
viewed 72 pulmonary resections in 41 pediatric pa-
tients (<22 years), and reported a 2-year survival of
65% and a 5-year survival of 24% in the meta-
stasectomy group. No patient survived more than 2
years in their control group; therefore, they con-
cluded that pulmonary metastasectomy is a good
prognostic factor. They also reported that complete
resectability has prognostic value, but that size, num-
ber of tumors, and bilateral metastasis were not sig-
nificant prognostic factors. Spillane et al. [8] exam-
ined 61 patients with pulmonary metastasis; 21 had
undergone pulmonary resection, which improved the
median survival and 5-year survival rates (38 months
vs. 11 months and 6% vs. 23%).

Because the possibility of a cure is often empha-
sized after complete resection of pulmonary meta-
stases, repeated resections are often performed re-
gardless of other factors. We observed one operative
mortality, but no major morbidities. Two of 5 patients
who underwent more than 3 pulmonary resections
were alive for more than 5 years, and 1 patient sur-
vived after 7 repeated resections and experienced a
3-year disease-free interval. No significant survival
difference was observed between patients who un-
derwent 1 and more than 1 metastasectomy. In this
regard, repeated pulmonary resection is possible and
can be performed safely.

In our study, patients who had undergone at least
1 metastasectomy had a higher survival rate. Bilateral
metastases and early progression were significant
poor prognostic factors in multivariate analyses.
These outcomes somewhat differ from those of
Stanalle et al. [7], who reported that only complete
resectability has prognostic value, but this may be
due to a lower number of incomplete resections.
Despite the limitations of a small sample size, our
study provides more detailed prognostic factors.

In conclusion, pulmonary metastasectomy is a good
treatment option to extend survival in patients with
SS, and repeated resection is feasible in selected
cases. Bilateral metastases and early progression are
significant factors for a poor prognosis in SS. A larg-
er study is needed to confirm our findings.
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