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Abstract. Background: Pericardial synovial sarcomas (PSS)

are very rare tumors, with dismal prognosis and limited data.
We describe the clinical features and identify prognostic
factors of primary PSS. Case Report: We describe the case of
a 56-year-old male patient with PSS managed by the
multidisciplinary team of thoracic oncology. The therapeutic
plan comprised surgery, chemotherapy, stereotactic
radiosurgery and targeted therapy, with excellent results.
Materials and Methods: Data from 37 cases reported in
English during the past 20 years were gathered and analyzed.
PSS was found to occur at a mean age of 36±17.082
(range=13-67) years. Survival analysis was performed on 20
cases with follow-up of at least 6 months. Conclusion: Only
complete resection of the tumor seems to be an independent
prognostic factor. To our knowledge, this is the first report on
the safety and effectivity of pazopanib in PSS and may provide
guidance for similar cases in the future.

Primary tumors of the heart are extremely rare, being 20times less frequent than secondary ones, with a prevalence
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of 0.02%. Among cardiac sarcomas, pericardial sarcoma is
one of the rarest, but its true incidence is unknown (1). Thus,
medical experience in pericardial sarcoma is reduced to a
handful of cases reported in the literature. The most frequent
sarcomas of the pericardium seem to be synovial sarcoma
and angiosarcoma (1).
Pericardial sarcomas usually manifest with dyspnea,
cough and chest pain due to cardiac failure (1). Occasionally,
pericardial effusion or cardiac tamponade may develop (2).
Despite its name, synovial sarcoma is a tumor of uncertain
cell origin unrelated to the synovium and, although it arises in
most cases from deep soft tissues of the extremities and
adjacent to joints or tendons, it can involve any site (3).
Histologically, the tumor is composed of epithelial and spindle
cells in different proportions, which has resulted in
classification of monophasic (only one component exists) and
biphasic (both of the components can be found). Given its
epithelial and mesenchymal double nature, immunohistochemistry is positive for keratin and epithelial membrane
antigen (EMA), as well as for CD99, S-100 protein and BCL2
apoptosis regulator (BCL2), with a wide range of intensities
and high intra-tumoral heterogeneity (4). Transducin-like
enhancer of split 1 (TLE1) is the most sensitive and specific
marker for synovial sarcoma, and helps distinguish it from its
histological mimics (5, 6). The differential diagnosis includes
malignant peripheral nerve sheath tumor, carcinosarcoma,
fibrosarcoma and mesothelioma, among other spindle-cell
tumors, which are sometimes impossible to distinguish from
synovial sarcoma without cytogenetics (7). A cytogenetic
analysis with fluorescent in situ hybridization or RT-PCR is
used to confirm diagnosis, as the translocation t(X;18)
(p11;q11), affecting one of the synovial sarcoma-X (SSX) genes
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and the SS18 gene (previously known as SYT), respectively, is
present in around 90% of synovial sarcomas (3).
For diagnosis and staging of the disease, cardiac
ultrasound, chest computed tomography and cardiac
magnetic resonance imaging (MRI) are recommended (2).
Initial surgical resection, with diagnostic and palliative
objectives, is usually performed but complete excision is
rarely achieved (8). Chemotherapy and radiotherapy, as
described in the few cases reported in the literature, may
provide a slim benefit in survival. Tyrosine-kinase inhibitors
have been part of the therapeutic armamentarium against
soft-tissue sarcomas from 2012 (9). To our knowledge, this
is the first case of a patient with pericardial synovial sarcoma
receiving pazopanib to be reported.

Case Report

A 56-year-old man with no significant medical history
presented with symptoms of dyspnea and fatigue. A chest xray demonstrated an increased cardiac shadow. A subsequent
cardiac ultrasound identified a large pericardial mass with
pericardial effusion, but the ejection fraction was in the normal
range at 65%. The electrocardiogram and Holter monitoring
indicated a normal rhythm. As shown by a chest computed
tomography, the size of the solid lesion was 8.1×5.6 cm, and
the location was adjacent to the great vessels of the heart next
to the root of the aorta, the pulmonary artery and the superior
cava vein, as if originating from the adherent cuff of the
pericardium. No associated lymphadenopathy, pulmonary
lesions or large vessel infiltration were identified. A cardiac
MRI confirmed the presence of a pericardial mass of
7.5×5.5×4 cm, while cardiac and large-vessel infiltration could
not be excluded for (Figure 1A).
The case was discussed at the thoracic oncology
Multidisciplinary Team meeting, and the surgical option was
decided as a first step to attain both diagnostic and possibly
therapeutic objectives. However, despite inconclusive
findings on the pre-operative assessment, intraoperatively,
the mass was found to have infiltrated the aortic root and
ascending aorta, and thus excision was incomplete.
Histology showed the tumor to have a biphasic (epithelioid
and spindle-cell) morphology (Figure 2A and B). Neoplastic
cells were immunopositive for cytokeratin AE1/AE3 (Figure
2C), cytokeratin 7, cytokeratin 19, epithelial membrane
antigen, epithelial cell adhesion molecule/epithelial specific
antigen BerEp4, vimentin, CD99 (Figure 2D), TLE1 (Figure
2E) and BCL2 (Figure 2F); moreover, the epithelioid
constituent was immunopositive for cytokeratin 8/18, as well
as containing a few cells with carcinoembryonic antigen
immunopositivity in their luminal aspect. Immunopositivity
for p53 was found in 20-30% of tumor cells, whereas the
proliferative index (immunostaining with Ki67) was
estimated to be in the range of 30%.
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Based on the presence of residual disease and the
histopathological findings, the Multidisciplinary Team
meeting decided for non-cardiotoxic chemotherapy and
stereotactic radiosurgery in order to achieve substantial
clinical response and improve survival while maintaining a
good quality of life. The patient underwent a total of 6 cycles
of pegylated liposome-encapsulated doxorubicin (50 mg/m2)
at 4-week intervals (10). Re-assessment with cardiac MRI
showed a decrease in the size of the lesion (Figure 1B) while
positron-emission tomography 3 months later indicated
stable disease according to RECIST criteria (11) (Figure 1C).
The patient was subsequently submitted to image-guided
stereotactic radiosurgery with cyberknife, receiving a total
dose of 40 Gy (800 cGy/fraction/day).
After radiation treatment, re-evaluation with cardiac
MRI indicated a partial response yet with persistence of
residual disease (Figure 1D). The patient was offered
second-line therapy with the tyrosine kinase inhibitor
pazopanib (800 mg/day) (9). Since then the patient has
continued on the same therapy, on regular follow-up for
over 2 years, with MRI showing an excellent response (Figures
1E and F). Following combination therapy with debulking
surgery, non-cardiotoxic chemotherapy, stereotactic radiosurgery
and tyrosine-kinase inhibitor pazopanib maintenance therapy to
the date of preparation of this article, this patient has achieved
a survival of 36 months from diagnosis, with no evidence of
disease relapse and an excellent quality of life.

Pooled Analysis

Material and methods. Given the lack of clinical experience
reported in the literature, we launched a search on PubMed
for synovial sarcoma of the pericardium, which yielded 64
entries from inception to 2018. Criteria for case selection
were: English language, histology of synovial sarcoma, and
a tumor arising from pericardium. Nine entries were not case
reports, two were not reported in English, four were not
synovial sarcoma and 17 were tumor of the mediastinum not
arising from the pericardium. Finally, 36 cases were selected.
Frequencies, means and medians were calculated.
Differences in frequencies between groups were compared
by Chi-squared or Fisher’s exact test (two-tailed). A
difference of p<0.05 was considered statistically significant.
Cases were reported as isolated ones or as a part of a series
of pericardial or cardiac sarcomas. Statistical analyses were
carried out using a statistical software (SPSS 24.0; IBM,
Armonk, NY, USA).

Results. Demographic, clinicopathological, therapeutic and
follow-up data were gathered and analyzed from a total of
37 cases (including the present one) (16-46).
According to the analysis of data from these reported cases,
it seems that pericardial synovial sarcoma has a clear male
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Figure 1. Serial images of pericardial sarcoma according to applied therapies. A: Magnetic resonance imaging (MRI) study of the thorax, T2weighted imaging (T2WI) axial image, at diagnosis, showing an inhomogeneous hyperintense lesion of the mediastinum among the aorta, pulmonary
artery, main bronchi and superior vena cava (arrows) B: T2WI axial image at the same level after the fourth chemotherapy session, showing
decrease in the size of the lesion. C: Follow-up with positron-emission tomography 3 months later indicated stability of the lesion size with mild
hypermetabolic activity (maximum standard uptake value: 3.1) D: T2WI MRI study at the same level after Cyber Knife radiosurgery with further
decrease of the size and signal intensity of the tumor. E: Follow-up MRI study T2WI after 5 months of therapy with tyrosine kinase inhibitor
pazopanib (Votrient) indicated a further slight decrease of the tumor size. F: Follow-up computed tomography at the same level 4 months later,
during therapy with Votrient, showing stability of the tumor size (arrow heads).

predilection, with a male:female ratio of 4.28:1. Age at
diagnosis ranged from 13 to 67 years, with a mean (±standard
deviation) age of presentation of 36±17.082 years. The median
age was 34 years, with kurtosis value of −1.168 and skewness
value of 0.331, describing an incidence slightly greater in
those younger than 30 years. The left atrium appears to be the
most frequent location (38.46%) and predilection of the atria
is clear, with 73.07% of cases arising from the upper part of
the pericardium (Table I). The average tumor size at
presentation was 9.75±3.47 cm (5.00-18.00 cm). Presenting
symptoms may vary and are shown in Table II, most
frequently being dyspnea and cough. For diagnostic purposes,
echocardiogram was the first diagnostic test performed in 30
out of the 31 cases (96.7%). Completion of diagnosis before
any surgical approach (intent for resection or surgical biopsy)
with computerized tomography of the chest was performed in
50.0%, and cardiac MRI was added in 34.4% of the cases. A
presurgical diagnostic positron-emission tomography was
available for 12.5%.
Among therapeutic options, surgical excision, such as
conventional sternotomy and cardiopulmonary bypass, was
applied in approximately 83.3% of cases. However, as

Table I. Anatomic distribution of pericardial sarcoma in patients*.
Right
Left
Total

Atrial
9
10
19

*Missing data for 9 patients.

Ventricular
3
4
7

Total
12
14
26

infiltration of surrounding tissues was a common scenario,
radical surgery is not always feasible, being successful in a
25.9% of the cases. Among the seven patients for whom
complete resection was reported, adjuvant chemotherapy was
administered to four (57.17%), and adjuvant radiotherapy to
one (14.28%). Two patients (28.57%) did not undergo any
adjuvant treatment and one of them experienced relapse 7
months after surgery. Histologically, 56.7% of the reported
cases were monophasic synovial sarcomas.
Data regarding chemotherapy and radiotherapy were
limited to 31 and 29, respectively, out of the 37 described
cases. Chemotherapy was administered after surgery in
1533
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Figure 2. Microscopically, a biphasic morphological pattern was noted for our case, with both an epithelioid (A) as well as a spindle (B) cell
component (hematoxylin and eosin). Tumor cells showed immunopositivity for cytokeratins AE1/AE3 (C), CD99 (D), transducin-like enhancer of
split 1 (E) and BCL2 (F). Magnification ×20.

67.7% of cases, while adjuvant radiation therapy was applied
in 31.0% of cases. In seven cases out of 29, neither
chemotherapy nor radiotherapy were administered. Reasons
for this were: physician’s choice (n=3), poor performance
status (n=2), finding at autopsy (n=1) and patient’s refusal
(n=1). Anthracyclines and ifosfamide were the drugs most
used after surgery, in combination (58.8%) or monotherapy
(11.8% for each) (Table III).
With five cases lacking follow-up, 32 cases were available
for survival analysis. The median follow-up was 18.30 (0168) months. At the time of the report, eight patients were
alive without disease, 11 were alive with disease, and 13 had
died due to their disease, presenting a median overall
survival of 27 (range=0-168) months. For survival analysis,
Kruskal–Wallis test was performed on the 20 cases with
1534

follow-up of at least 6 months. Among all the variables, only
complete resection seemed to have an independent effect on
survival (chi-square 10.510, p=0.005) (Table IV).

Discussion

Synovial sarcoma of the pericardium is a rare neoplasm for
which very few data on diagnosis and treatment are
available, from few cases reported in the literature. With this
small amount of data, we were able to identify a trend in
incidence toward male sex and ages between adolescence
and early youth. The most common presentation is dyspnea
and cough, but a broad range of symptoms have been
described. Diagnosis is more often achieved with
echocardiogram and CT of the chest. However, a cardiac
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Table II. Clinical presentations of patients with pericardial synovial
sarcoma.

Table III. Reported treatments performed in patients with pericardial
synovial sarcoma.

Principal symptom*

Surgery*
Incomplete resection/surgical biopsy
Complete resection
Adjuvant treatments after complete resection
Chemotherapy
Radiotherapy
Chemotherapy**
Anthracycline
Ifosfamide
Anthracycline + ifosfamide
Other
Radiotherapy***

Secondary symptom**

N (%)

Dyspnea
Fatigue
Cough
Signs of tamponade
Dizziness
Fever
Precordial pain
Dyspnea
Fatigue
Cough
Signs of tamponade
Fever
Precordial pain

15
2
4
3
1
5
4
3
4
4
5
3
7

Missing data for *3 patients, **11 patients.

(44.1)
(5.9)
(11.8)
(8.8)
(2.9)
(14.7)
(11.8)
(11.5)
(15.4)
(15.4)
(19.2)
(11.5)
(26.9)

Treatment

Missing data in *1 patient, **6 patients, ***8 patients.

N (%)

30
20
7
5
4
1
21
2
2
10
3
9

(83.3)
(74.1)
(25.9)
(71.45)
(57.17)
(14.28)
(67.7)
(11.8)
(11.8)
(58.8)
(17.6)
(31.0)

Table IV. Association of clinicopathological characteristics with survival in pericardial synovial sarcoma.

Gender
Age

Principal symptom
Tumor diameter
Location

Histological subtype
Surgery

Complete resection

Chemotherapy

Chemotherapy drug
Radiotherapy

Subgroup (number of patients)*

Male
Female
>36 Years
≤36 Years
Dyspnea
Cough
Tamponade
Fever
≥9 cm
<9 cm
Right atrium
Right ventricle
Left atrium
Left ventricle
Unknown
Monophasic
Biphasic
Unknown
Yes
No
Yes
No
Yes
No
Ifosfamide
Anthracycline + ifosfamide
Other
Yes
No

30
7
17
20
15
4
3
5
13
15
9
3
10
4
9
17
13
7
30
7
7
23
20
9
2
10
3
9
20

*Missing data of follow-up were not considered for this analysis.

Mean
50.28
22.66
26.36
58.73
24.79
31.00
78.67
14.62
21.54
25.70
85.57
12.25
8.89
28.00
5.019
29.04
84.07
8.00
54.70
17.07
168.00
24.75
28.97
86.54
29.00
29.33
31.00
26.71
44.62

Mean for survival time (months)

95% Confidence interval

Lower

8.09
14.15
18.77
0.00
19.10
31.00
0.00
0.00
12.63
19.65
12.99
0.00
6.127
28.00
18.31
22.96
26.92
3.48
8.39
0.00
168.00
18.23
24.17
22.45
27.04
21.15
31.00
20.30
6.72

Upper

92.47
31.18
33.95
123.4
30.48
31.00
166.24
30.70
30.45
31.76
158.14
28.35
11.65
28.00
37.98
35.12
141.23
12.52
101.01
34.78
168.00
31.26
33.77
150.63
30.96
37.16
31.00
33.13
82.52

p-Value
0.686

0.964

0.080
0.473

0.342

0.256
0.063

0.031

0.382

0.400
0.518
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MRI may help surgical planification. The use of positronemission tomography/CT seems of dubious use, as none of
the patients presented with metastasis at diagnosis.
Surgical treatment was found to have no impact on overall
survival, according to the pooled analysis performed.
However, it was the most common initial approach, as was
used for biopsy as well as for palliation of symptoms. Of
note, only three patients did not undergo surgery and of
these, only one was included in the survival analysis, as the
other two had died within the first 6 months. Although
surgery may have no impact on survival due to the frequent
failure of complete resection, complete resection is
recommended as it was the only independent prognostic
factor associated with survival.
As no guidelines can be applied for this disease,
administration of adjuvant chemotherapy and radiotherapy is
at the discretion of the doctor as well as the preferences of the
patient. This may explain the inconsistency in the application
of these therapeutic approaches, with superiority of
chemotherapy over radiotherapy. An argumentative basis for
this fact lies in the potential cardiotoxicity. It is reasonable to
assume that the choice of chemotherapy might be based on the
potential cardiotoxicity of these drugs. This is of utmost
importance in these patients, who may undergo cardiac surgery
and radiotherapy to the heart. Novel agents, such as pegylated
liposome-encapsulated doxorubicin, and older drugs such as
cyclophosphamide have been associated with reduced
cardiotoxicity as compared to doxorubicin and ifosfamide (12).
Radiation therapy for persistent disease after surgery might
be difficult due to potential cardiotoxicity. Stereotactic
radiosurgery permits the precise administration of high-dose
radiation over the tumor, diminishing toxic effects on the
surrounding tissues. The benefit of stereotactic radiosurgery
with Cyberknife on sarcomas of the heart has been previously
reported, although for different cardiac primaries, proving
effective in preventing local disease progression (13).
Even if multimodality treatment based on surgery,
chemotherapy and radiotherapy is performed, prognosis of
pericardial synovial sarcoma remains dismal, with a median
overall survival of 27 months shown by the present pooled
analysis. These data highlight the urgent need for new, more
effective treatments.
Pazopanib is an oral inhibitor of major receptor tyrosine
kinases, including vascular endothelial growth factor receptors
1-3, platelet-derived growth factor receptor-A and c-KIT. It is
a well-tolerated drug that achieves a median progression-free
survival of 4.6 months as a second-line treatment (9). Among
toxicities of pazopanib, cardiotoxicity must be considered in
these patients. Nevertheless, long-term experience with this
drug supports the administration of pazopanib having minimal
cardiac toxic effects (14). Even if literature on pazopanib and
cardiac sarcomas is restricted to angiosarcoma, presumably
due to its antiangiogenic mechanism of action, a high response
1536

rate and long progression-free survival have been reported in
synovial sarcoma of other primary sites, representing 16% of
long-term responders (over 2 years of treatment) (15).

Conclusion

To our knowledge, this is the first report of a patient with
pericardial synovial sarcoma treated with multimodality
therapy (surgery, chemotherapy, stereotactic radiosurgery and
pazopanib), achieving survival of at least 36 months, with an
excellent clinical response and quality of life. Given the lack
of data on this topic, our pooled analysis encompasses the
international experience on pericardial synovial sarcoma,
encourages a multidisciplinary approach and adds pazopanib
as a safe and potentially effective treatment.
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