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Abstract

Introduction: Pericardial synovial sarcoma is an extremely rare tumor with
poor prognosis. Timely diagnosis and aggressive multimodal management
improves patient outcome. We present our experience of diagnosis and
management of a young patient with monophasic synovial sarcoma arising
from pericardium.

Case: A 27-year-old man presented with dyspnea and cough of three
weeks duration. Examination revealed sinus tachycardia, distant heart
sounds and elevated jugular venous pressure. Chest X-ray showed
widened mediastinum. Transthoracic echocardiogram (TTE) noted large
pericardial effusion with tamponade physiology. Therapeutic
pericardiocentesis yielded hemorrhagic fluid. Computed tomography (CT)
of the chest showed persistent pericardial effusion and a left anterior
mediastinal mass. Left anterior thoracotomy, pericardial window and left
anterior mediastinotomy were done, revealing a well-encapsulated
gelatinous tumor originating from the pericardium. Histology and
immunohistochemical profile showed the tumor to be a monophasic
synovial sarcoma. Fluorescent in-situ hybridization (FISH) was positive for
SS18 (SYT) gene rearrangement on chromosome 18q11, substantiating
the diagnosis. Work-up for metastases was negative. Neo-adjuvant
chemotherapy with high dose ifosfamide led to substantial reduction in the
size of the tumor. The patient underwent surgical resection and external
beam radiation therapy (EBRT) post surgery. He had symptom-free survival
for 8 months prior to local recurrence. This was managed with left lung
upper lobectomy and follow-up chemotherapy with docetaxel. The patient is
currently stable with an acceptable functional status.

Conclusion: In patients with pericardial effusions of unknown etiology,
multiple modalities of cardiac imaging must be employed if there is
suspicion of a pericardial mass. CT and magnetic resonance imaging (MRI)
are useful to evaluate for pericardial thickening or masses in addition to
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TTE. Treatment of synovial sarcoma is not well established. Surgery is the
cornerstone of treatment. In non-resectable tumors, aggressive
neo-adjuvant chemotherapy with ifosfamide followed by surgical resection
and EBRT may lead to improved outcome.
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m Amendments from Version 1

We thank the reviewers for their comments. The following is a
summary of the changes made in response to reviewers’ comments:

We have specified the dosage of high dose ifosfamide therapy
used for the neoadjuvant chemotherapy.

A detailed description of the surgery, including resection of lymph
nodes to detect lymphatic spread has been included.

We have mentioned that upon disease recurrence, the patient
underwent left upper lobectomy and decortication of the left
pleura. The resection margins were free of malignancy and
cytology of pleural fluid was negative for malignant cells.

We have mentioned in discussion that intraoperative radiation
therapy (IORT) was not used in our patient. To the authors’
knowledge only external beam radiation therapy (EBRT) has been
employed in previous cases of pericardial synovial sarcoma.

IORT with a radiation dose of 15-45 Gy appeared to be useful for
local control and to be more effective in patients without distant
metastases at the first visit in a study that included 24 patients with
soft tissue sarcomas (1 case of synovial sarcoma)®. But, lack of
institutional experience with IORT dissuaded us from using it in our
patient.

We acknowledge that adjuvant therapy with single agent docetaxel
is not considered standard therapy for synovial sarcoma, and
adjuvant therapy after resection of metastases is also controversial.
Our patient was treated with docetaxel for his local recurrence
based on evidence showing that docetaxel is an efficacious and
tolerable treatment as rescue medication in ifosfamide-resistant
locally advanced or metastatic soft tissue sarcoma*.

See referee reports

Introduction

Synovial sarcomas are malignant soft tissue tumors in extremities
with a predilection for juxta-articular location and are predominantly
diagnosed in young adults. Synovial sarcoma arising from the peri-
cardium is an extremely rare tumor. Although termed as synovial
sarcoma, these tumors have now been recognized to arise from
mesenchymal tissue and show epithelial differentiation’. To the
authors’ knowledge, only 20 cases of synovial sarcomas originating
from the pericardium have been described in the English literature
to date’. This type of tumor is known to have a poor prognosis with
no clarity about the best approach in managing this disease.

This case report describes a young man who presented to us with
a cough and dyspnea and was diagnosed with cardiac tamponade
due to this rare tumor. Pericardial effusions and cardiac tamponade
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secondary to malignancy are mostly secondary to metastases’. Pri-
mary synovial sarcoma leading to tamponade is very rare, and to
the best of our knowledge, has been reported only twice prior to our
report™’. We delineate the systematic approach to diagnosis using
imaging modalities, histopathology and cytogenetic analysis. Due
to its site of origin and histology, it was essential to distinguish this
tumor from other soft tissue tumors, and cytogenetic analysis was
crucial with regard to this. Although surgery is the cornerstone of
treatment of this tumor, we used multiple modalities of treatment
such as neo-adjuvant chemotherapy using high-dose ifosfamide and
external beam radiation therapy (EBRT). Our patient had a good
initial response to therapy and had improved survival compared to
previous patients™”. We believe that this case report and the dis-
cussion about diagnosis, management and interval monitoring for
recurrence will add to the current literature and help in managing
such cases in the future.

Case report

A 27-year-old Hispanic man with no significant prior medical his-
tory presented to the emergency room with shortness of breath and a
cough for three weeks. He also complained of mild precordial chest
pain and generalized fatigue. His family history was contained type 2
diabetes mellitus in both parents but reported no history of cancer
or genetic diseases. His social history revealed that he worked as
a gardener, was married with two kids, was a non-smoker, occa-
sionally consumed alcohol and had no history of drug abuse. He
gave no history of any psychological illnesses. A physical exam
revealed sinus tachycardia, distant heart sounds and elevated jugular
venous pressure and a normal blood pressure. Chest X-ray showed
an impressive mediastinal enlargement. Transthoracic echocardio-
gram (TTE) showed a large pericardial effusion (Figure la) and
collapse of the right atrium during diastole along with respirophasic
changes consistent with cardiac tamponade physiology. The patient
underwent an emergent therapeutic pericardiocentesis that yielded
hemorrhagic fluid. Cytological analysis of the fluid revealed no
malignant cells. Computed tomography (CT) of the chest showed
persistent pericardial effusion and a left anterior mediastinal mass
(Figures 1b and 1c). Work-up for possible metastases performed
using Gallium scintigraphy showed no evidence of involvement
of any other organs. Left anterior thoracotomy, pericardial win-
dow and left anterior mediastinotomy were done, revealing a well-
encapsulated gelatinous tumor originating from the pericardium.
The tumor grew from the inner surface of the pericardium near the
origin of the superior vena cava and ascending aorta (Figure 2).

Figure 1.The transthoracic echocardiogram and CT chest findings. The echocardiogram image (a) shows large pericardial effusion with
collapse of the free wall of right atrium. The coronal (b) and axial (¢) CT images show the effusion and an enormous heterogeneous mass in

the pericardial cavity.
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Figure 2. Gross Pathology. Left anterior thoracotomy, pericardial
window and left anterior mediastinotomy were done, revealing a
well-encapsulated gelatinous tumor originating from the pericardium
(6.2 x 1.3%x0.7cm).
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A portion of the pericardium where the tumor was attached was
resected and the tumor was biopsied. Complete resection was not
attempted due to the proximity and attachment to the great vessels.

Review of pathology on routine hematoxylin-eosin stain showed
that the tumor was monophasic and was composed of numer-
ous spindle to oval cells in a fascicular growth pattern. The cells
showed scant cytoplasm, oval to spindle nuclei with granular chro-
matin and with inconspicuous nucleoli (Figure 3a). The tumor was
mitotically active and showed 3-4 mitosis per high power field
(Figure 3b). Some areas showed myxoid background (Figure 3b)
and others showed large areas of necrosis (Figure 3¢). Immunohis-
tochemistry showed that the tumor cells were strongly positive for
BCL-2 (Figure 4a), CD 99 (Figure 4b), Vimentin (Figure 4c), FLI1
(Figure 4d) and neuron-specific enolase (NSE) (Figure 4e). Stain
for epithelial membrane antigen (EMA) showed focal scattered
positive cells (Figure 4f). Muscle markers (smooth muscle actin,
desmin and myogenin), neural and melanoma marker (S-100),

Figure 3. Biopsy specimen with routine hematoxylin-eosin stain. (3a) (x 100 magnification) shows cellular monophasic tumor with spindle
cells in fascicular growth pattern. (3b) (x 400 magnification) shows cells in a myxoid background with many mitosis (arrows). (3c) (x 100

magnification) shows large areas of necrosis (arrow).
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Figure 4. Immunohistochemistry. Tumor cells were strongly positive for: BCL-2 (x 100 magnification) (4a), CD 99 (x 100 magnification) (4b),
Vimentin (x 100 magnification) (4c), FLI1 (x 100 magnification) (4d) and NSE (x 100 magnification) (4e). They also showed focal scattered

positivity for EMA (x 400 magnification) (4f).
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epithelial markers (AE1/AE3), CD57, CK5/6 and p63 were nega-
tive. Based on morphology and immunostaining results, a diagno-
sis of monophasic synovial sarcoma was made. Fluorescent in-situ
hybridization (FISH) was done to confirm the diagnosis and to
exclude Ewing sarcoma. It showed the presence of SS18 (SYT) gene
rearrangement on chromosome 18q11, substantiating the diagnosis.
Also the FISH assay for rearrangement or dosage abnormalities of
the EWSR1 oncogene at Ewing sarcoma locus 22q12 was negative.

The patent was treated neoadjuvantly with high dose ifosfamide
(2000 mg/m?*day intravenous over 3 hours for 4 days) and mesna
(1200 mg/m?) repeated every 21 days between July and December
2012. On repeat CT imaging prior to planned surgical excision, the
tumor had substantially decreased in size (> 50%) and the patient
was noted to have elevation of left hemi-diaphragm indicating likely
involvement of the left phrenic nerve.

A median sternotomy was performed and access to the heart and
great vessels was obtained. The pericardium was opened and the
tumor was seen abutting the bifurcation of the pulmonary artery and
distal aortic arch, and involving a portion of the pericardium includ-
ing the left phrenic nerve. The portion of the mass that was attached
to the distal part of the pulmonary trunk and a lateral portion of the
pericardium were resected. The tumor appeared to encase the left
phrenic nerve consistent with the finding of elevation of left hemi-
diaphragm on CT scan. This nerve was transected and its edges
were controlled with hemoclips. The hemoclips also served as
markers for possible future radiation treatment. The entire outline
of aortic arch and the pulmonary artery were visible after removal
of the thymus and the tumor, with no evidence of direct invasion.
Once the tumor was mobilized laterally towards the left lung, it
showed possible involvement of the wedge of the left upper lobe.
The lung parenchyma was divided and a portion of the lung was
transected from the left upper lobe. The entire tumor was removed
en bloc with the surrounding tissue. The level 5 (subaortic) lymph
node was also resected and sent for pathology.

The resected mediastinal mass (6.5 x 4 x 3 cm) was confirmed to
be a monophasic synovial sarcoma on histology and immunohis-
tochemistry. The adjacent lung was not involved by sarcoma. The
three lymph nodes resected along with the mass were benign with
non-necrotizing granulomas. The level 5 lymph node also showed
non-necrotizing granulomas and was negative for malignancy. One
of the resection margins was positive for malignancy. The patient
recovered well after the repeat thoracotomy and EBRT was initi-
ated 1-month post surgery. He had no recurrence of tumor on CT
imaging at the first and second three-month intervals post surgery.
Chest CT repeated at 9 months (third three-month interval) showed
local recurrence. The patient was noted to have an anterior medi-
astinal mass extending to the left upper lobe of the lung and a left
pleural effusion. There was no evidence for any distant metasta-
ses. The patient underwent resection of the mass and left upper
lobectomy, left video-assisted thoracoscopy, drainage of pleural
effusion and total decortication of left lung. Pathology confirmed the
recurrence but the resection margins were free of malignancy. The
pleural fluid was also negative for malignant cells. Chemotherapy
was reinitiated with docetaxel (100mg/m?) every 21 days along
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with steroid premedication with dexamethasone (4mg) for 5 days
prior to treatment. This resulted in minor improvement on repeat
CT imaging, but more importantly there was no further sympto-
matic worsening. The patient is clinically stable 18 months after
diagnosis.

Discussion

Primary cardiac tumors are rare, and large autopsy series have
shown the prevalence of primary cardiac tumors to be approximately
0.02%". Soft tissue sarcomas account for 37% of these primary
cardiac tumors’. In descending order of frequency, these are angio-
sarcoma, fibrosarcoma, rhabdomyosarcoma, and malignant fibrous
histiocytoma’®. Synovial sarcomas of cardiac origin are rare, and
those originating from the pericardium are exceedingly rare. The
real incidence of pericardial synovial sarcoma may be underesti-
mated though, as the precise site of origin of such tumors can be
difficult to determine. To date, to the authors’ knowledge, only 20
cases have been reported in the English literature’.

Synovial sarcomas are malignant soft tissue tumors with an aggres-
sive growth pattern. Although they are predominantly diagnosed in
extremities with a predilection for juxta-articular location, in young
adults, they have been reported to occur in almost any organ’°.
They are classified as biphasic, monophasic and poorly differenti-
ated based on their histology. Among the pericardial synovial sar-
comas, the biphasic type (composed of an epithelial component and
a spindle-cell component) appears to be more common than the
monophasic type (only spindle-cells) and the poorly differentiated
type (small round cells)**~'". Our patient had a monophasic variant
with predominant spindle to oval cells in a fascicular pattern. Some
areas showed myxoid background as well as large areas of necrosis
and the tumor was mitotically active.

Various other mediastinal and pericardial tumors (lymphoma,
mesothelioma, thymoma, metastatic carcinomas, other soft tissue
sarcomas) can have a similar appearance to synovial sarcoma on
histology. Further analysis using immunohistochemistry is com-
monly done to differentiate between them. The specimens of our
patient were uniformly positive for Vimentin, BCL-2 and CD99
(markers which are typical for synovial sarcoma) and showed focal
positivity for EMA. We also noted absence of immunostain posi-
tivity for muscle markers (smooth muscle actin, desmin and myo-
genin), neural and melanoma marker (S-100), pankeratin (AE1/
AE3), cytokeratin (CK5/6), CD57 and p63. This helped in arriving
at a diagnosis of synovial sarcoma and to exclude other possible
soft tissue tumors. In our patient, the tumor cells also stained posi-
tive for NSE and FLI1. FLI1 is a fusion gene that is usually positive
in Ewing sarcoma, but some cases of synovial sarcoma also show
FLI1 positivity'’.

Despite arriving at a diagnosis based on histology and immuno-
histochemistry, in order to further confirm diagnosis, cytogenetic
analysis was done in our patient. Cytogenetic analysis is increas-
ingly being used, especially in diagnosing those tumors arising
in unusual sites. Confirming the histological diagnosis is crucial
in determining therapy. More than 90% of synovial sarcomas
demonstrate the presence of a reciprocal translocation t (X; 18)
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(p11.2; q11.2), and detection of this SSX-SYT fusion gene confirms
the diagnosis''*"'. Reverse transcription-polymerase chain reaction
(RT-PCR) or FISH can both be used to detect this gene. FISH has
a higher sensitivity for detection and a better success rate than RT-
PCR". In our patient, FISH assay was performed, and it showed
the presence of SS18 (SYT) gene rearrangement on chromosome
18ql1. Also, in our patient in view of the immunostain positivity
for markers of Ewing sarcoma, the FISH assay was conducted for
rearrangement or dosage abnormalities of EWSR1 oncogene at
Ewing sarcoma locus 22q12, and the result was negative. This
helped us to further confirm the diagnosis of synovial sarcoma and
exclude Ewing sarcoma'”.

Management of synovial sarcoma of pericardial origin is challeng-
ing and needs a multimodal approach. It is an aggressive tumor with
a poor prognosis. Most patients have a short survival time'”. One
exception is the case report of a patient whose survival exceeded 14
years and involved recurrences and multiple surgical resections”.
Surgical resection can lead to curative therapy. Most often, due to
the site of origin, tumors are adherent to adjacent vital organs and
are non-resectable at the time of diagnosis. Therefore, EBRT and
less commonly neo-adjuvant chemotherapy are used to make the
tumor resectable. In our patient, we could not attempt complete sur-
gical resection. Therefore, after the initial biopsy and pericardial
window, neo-adjuvant chemotherapy was done with six cycles of
high dose ifosfamide (2000mg/m?) and mesna. Due to the rarity of
these tumors, it is very difficult to establish an optimal regimen for
chemotherapy. In general synovial sarcomas are chemo-sensitive to
ifosfamide and show a good response. A case series of 13 patients
with synovial sarcoma treated with high-dose ifosfamide showed a
response in all patients, with 4 clinical remissions achieved'®. Com-
bining doxorubicin with ifosfamide may achieve a higher response
rate (58%)" but patient tolerability and side effects need to be con-
sidered. The initial favorable response to neoadjuvant high dose
ifosfamide in our patient made the tumor resectable and may be a
viable alternative to EBRT alone in non-resectable tumors. Gu et al.
have reported using the collagen gel droplet embedded culture-drug
sensitivity test (CD-DST) prior to determining the therapeutic value
of chemotherapy in their patient with synovial sarcoma®. It may be
useful to have CD-DST as a screening method for the selection of
effective anticancer drug regimen for each individual patient’.

EBRT is a very useful modality of treatment post surgery when the
margins of resection are positive. In our patient, EBRT was initi-
ated one month after surgery. Previous reports have shown simi-
lar favorable results’'. To the authors’ knowledge only EBRT has
been employed in previous cases. Intraoperative radiation therapy
(IORT) with a radiation dose of 15-45 Gray appeared to be useful
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for local control and to be more effective in patients without distant
metastases at the first visit in a study that included 24 patients with
soft tissue sarcomas (1 case of synovial sarcoma)”. But, lack of
institutional experience with IORT dissuaded us from using it in
our patient. Close monitoring for recurrence is very crucial in man-
agement of this tumor. CT or magnetic resonance imaging should
be performed every 6 months to detect subclinical recurrences’.
We performed CT imaging every three months along with regular
clinical follow-up. Repeat imaging is essential to be able to diagnose
subclinical recurrence and initiate repeat broad surgical resection
and follow-up chemotherapy if needed. We used the anti-mitotic
agent docetaxel as well as left lung upper lobe resection for treat-
ing the recurrence. Adjuvant therapy with single agent docetaxel
is not considered standard therapy for synovial sarcoma, and adju-
vant therapy after resection of metastases is also controversial. Our
patient was treated with docetaxel for his local recurrence based
on evidence showing that docetaxel is an efficacious and tolera-
ble treatment as rescue medication in ifosfamide-resistant locally
advanced or metastatic soft tissue sarcoma®.

Conclusions

This case report describes a case of monophasic synovial sarcoma
of pericardial origin presenting as pericardial effusion with cardiac
tamponade physiology in a young man. It is an extremely rare
tumor, and systematic approach to diagnosis and management are
crucial. We emphasize the use of cytogenetic analysis in confirming
the diagnosis and excluding tumors that might mimic synovial sar-
coma on immunohistochemistry. This case also highlights the use
of neo-adjuvant chemotherapy using high dose ifosfamide as part of
multimodal approach to treatment.
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This is an interesting paper and is well written. It would definitely help future clinicians who might
encounter this rare diagnosis. However | think that for the benefit of these clinicians the authors should
include more details on the chemotherapy regimen, including the number of days ifosfamide was
administered for and the frequency of the cycle. More details about the surgery and radiation would also
be helpful.
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above.
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Edwin Choy
Dana-Farber/Harvard Cancer Center, Harvard University, Boston, MA, USA

In this case report, the authors offer a clinicopathologic description of a case of pericardial synovial
sarcoma.

There are several major points that need to be addressed:
1. The patient was treated neoadjuvantly with "high dose" ifosfamide, but the authors describe using
2000 mg/m2 per cycle, which is actually considered quite a low dose for treatment of
sarcomas. This is either an error (perhaps 2000 mg/m2 was given each day for 3, 4, or 5 days per
cycle?) or a very low dose was used intentionally. Regardless, the patient apparently benefitted
with some tumor shrinkage, which allowed for surgical resection.
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2. A description of the surgery is lacking. We do not know how much pericardium was removed or if
lymph nodes were sampled, as sarcomas are known to metastasize lymphatically as well as
hematogenously.

3. Although postoperative EBRT was administered, there is no discussion about whether
intraoperative XRT or proton therapy was considered.

4. Upon disease recurrence with a mediastinal mass and pleural effusion, a lobectomy and
decortication was performed. We are not told if malignant cells were seen in the pleural fluid, in
which case the entire pleura would be considered contaminated.

5. Post-op, the patient was treated "adjuvantly" with docetaxel. Here, the authors need to be careful
to point out that single agent docetaxel is not considered standard therapy for synovial sarcoma,
and adjuvant therapy after a metastasectomy is also quite a controversial strategy. It would be
wrong if readers interpreted this report as an endorsement of post-op single agent docetaxel after
a metastasectomy.

In summary, it is not clear what we learn from this case report except that the patient apparently sustained
a partial tumor response to ifosfamide chemotherapy, tolerated an R1 or R2 surgery, and despite post-op
radiation, sustained a regional/metastatic recurrence. A more thorough discussion about the complexities
and controversies of clinical decision making in patients such as this would make such case reports more
informative to the audience.
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do not consider it to be of an acceptable scientific standard, for reasons outlined above.
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Nikhil Mukhi
Division of Oncology, SUNY Downstate Medical Center, Brooklyn, NY, USA

This is a very well written article, and | think it makes a positive contribution to our current knowledge of
cardiac sarcomas. The authors appropriately mention that these tumors are rare and no standard of care
exists. However, this patient in the relapse setting was treated with single agent docetaxel. In phase I
trials of soft tissue sarcomas, docetaxel has been used in combination with gemcitabine due to their
synergistic effect (Maki RG et al., 2007). It is unclear why patient was only given docetaxel.

It is however very interesting to see that patient responded well to therapy and is stable 18 months post
treatment. This article may help guide therapy in these tumors.
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| have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Author Response ( Member of the F1000 Faculty ) 29 Jan 2014
Wilbert Aronow, Westchester Medical Center/ New York Medical College, Valhalla, USA

We thank Dr. Mukhi very much for his review and approval of our case report. Our patient was
treated with docetaxel for his local recurrence based on evidence showing that docetaxel is an
efficacious and tolerable treatment as rescue medication in ifosfamide-resistant locally advanced
or metastatic soft tissue sarcoma (Kostler ef al. 2001). Maki et al. (2007) showed that
gemcitabine-docetaxel yielded a better response compared to gemcitabine alone when used for
initial treatment rather than as a rescue treatment option. We are of the opinion that although our
patient had a favourable response, it may be useful to have CD-DST as a method for the selection
of an effective anticancer drug regimen for each individual patient for both primary treatment and to
select the rescue chemotherapy.
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