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Background: Synovial sarcoma (SS) is a soft tissue sarcoma that rarely occurs in the spine, and a minimal number
of cases have been reported in the literature. Spinal SS is challenging in diagnosis and treatment and has a poor
prognosis. The aim of this study was to summarize and analyse the clinical features and outcomes of patients with

Methods: A total of 16 cases of patients with spinal SS admitted to our institution were reviewed retrospectively.
General information, radiological findings and treatment strategies were collected. These patients were followed
up regarding their continuing treatment, local or distant recurrence and survival.

Results: Spinal SS patients in this series ranged in age from 12 to 68 years (median, 33). Four en bloc resections
and 12 piecemeal resections were performed. Improved Frankel (P=0.002), visual analogue scale (P=0.002) and
Karnofsky Performance Status (P=0.002) scores were seen postoperatively. The mean follow-up period was 35.9 +
23.5 (median 31.5, range 4-87) months, with four local recurrences and three distant metastases detected. Eight
patients (50.0%) died of disease by the last follow-up. The 1-, 3- and 5-year overall survival rates were 87.5%, 61.4%
and 40.9%, respectively. Preoperative chemotherapy was used in three patients to facilitate surgical resection, and
adjuvant chemotherapy and radiotherapy were used in six patients.

Conclusions: Spinal SS has a relatively high risk of local recurrence and distant metastasis. Surgical intervention can
improve the neurological function and relieve pain in these patients. En bloc excision is an effective treatment strategy
to improve survival and prevent local recurrence. Management of spinal SS should be under the instruction of a

Background

Primary bone tumours of the spine are relatively rare,
comprising only 10% or less of all bone tumours [1].
Synovial sarcoma (SS) is a malignancy that accounts for
6-9% of all soft tissue sarcomas (STSs) and is primarily
seen in adolescents and young adults [2]. Two thirds of
all SS cases are located in extremities, while less than 5%
are found in the spine [3]. It can arise from the osseous
and paravertebral soft tissues and even metastasize from
other sites [4, 5]. With the enlargement of a SS, the
mass can result in pain and other symptoms [6, 7].
Spinal instability, vertebral collapse and neurologic deficits
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may occur from the destruction of vertebrae structure and
compression of nerve roots and the spinal cord [8, 9].

Surgical resection with negative margins is the initial
treatment for SS [10]. However, sometimes a complete
resection of lesions in the spine cannot be achieved due
to the complex anatomical structure and the involved
critical neurovascular tissue [11]. For unresectable SS,
preoperative chemotherapy or radiotherapy could help
downstage large, high-grade tumours and enable effective
surgical resection. Adjuvant radiotherapy and/or chemo-
therapy are also recommended for patients with a micro-
scopically positive margin or with high-grade histological
types [12].

Due to its rarity, only a few SS cases involving the spine
have been reported, most without follow-up or with a short
follow-up period. Additionally, it is commonly accepted
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that the diagnosis and treatment of spinal SS is challen-
ging [13, 14]. Here, we summarize the clinical features,
treatments and outcomes of 16 patients with spinal SS
admitted in our institution and present our experience.

Methods

Patient samples

This study was approved by the institutional review board
of the Changzheng Hospital of the Second Military Medical
University. We retrospectively reviewed the clinical and
follow-up data of confirmed spinal SS patients who were
surgically treated in our institution from August 2008
to May 2017. General information, radiological findings,
pre- and post-operative status, treatment strategies,
operation details, complications and pathological findings
were collected. A total of 16 patients with spinal SS were
identified, including 11 men and 5 women, ranging in age
from 12 to 68 years (median 33). Radiologic examinations,
including a plain radiograph, computed tomography
(CT) scan and magnetic resonance imaging (MRI), were
used for preoperative diagnosis and disease evaluation.
Histological diagnosis was confirmed by needle biopsy or
open biopsy. Of the 16 cases, 5 occurred in the cervical
spine, 4 in the thoracic spine, 3 in the lumbar spine and 4
in the sacrum.

Clinical features

The clinical presentations of all patients were collected.
Features of radiologic examinations conducted before
surgery were analysed. The Weinstein-Boriani-Biagnini
(WBB) system was used for surgical staging [15]. Pre- and
postoperative Frankel grading was carried out to assess
the patient’s neurologic status. The visual analogue scale
(VAS) for assessing pain and the Karnofsky Performance
Status (KPS) Scale were used before and 3 months after
the operation. All patients were routinely followed up 1
and 3 months after the surgery and then at a 3-month
interval for the first 1 year and then once every year there-
after. Patients’ conditions were all confirmed by telephone
calls at the end of the study.

Statistical analysis

Continuous variables are expressed as the mean + standard
deviation (SD). The Wilcoxon signed rank test was used to
compare the Frankel grades and VAS and KPS scores
pre- and post-operation. The Kaplan-Meier method
was used to estimate survival. Overall survival (OS) was
used as the primary end point and was defined as the
interval between the first diagnosis and either death or
the date of last follow-up. P<0.05 was considered as
statistically significant.
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Results

General information

Various symptoms were recorded in these 16 spinal SS
patients. Pain (15/16, 93.75%), numbness and weakness
of extremities (12/16, 75.0%); limited motion of the spine
(10/16, 62.5%); palpable mass (11/16, 68.75%); and disturb-
ance of urination or defecation functions (3/16, 18.75%)
were commonly observed. The mean preoperative duration
of symptoms was 11.8 + 11.8 months (median 7, range
1-42). The mean preoperative VAS and KPS scores
were 5.88 + 1.65 (median 6, range 3-9) and 45.3 £+ 15.0
(median 40, range 20-70), respectively, with Frankel
scores ranging from A to E (Table 1). In all 16 patients,
8 had primary lesions, while 6 had local recurrent lesions
and 2 had metastatic lesions from the extremities with
prior surgical treatments conducted at other institutes
(Table 2).

Radiologic evaluation

Plain radiographs showed an osteolytic lesion with a
well-defined soft tissue mass in 10 out of 16 patients.
Based on the preoperative radiologic imaging, the average
tumour size was 7.57 + 3.33 cm. Collapse of the vertebral
body was seen in one patient with a pathological fracture
of T1. CT images showed osteolytic lesions in vertebral
body and/or appendix (16/16), with paravertebral or
epidural soft tissue masses (12/16). Most tumours were
well demarcated, and tumour calcification was found in
three patients. MRI revealed heterogeneous signals in
T1- and T2-weighted images of the vertebral and para-
vertebral lesions (Figs. 1 and 2).

Table 1 Demographic data of 16 spinal SS patients

Spinal SS, n=16
Sex, M/F 11/5
Age, £30/>30 8/8
Preoperative KPS, < 60/60-80/2 80 12/4/0
Preoperative Frankel scores, A-C/D-E 7/9
Preoperative VAS scores, <5/>5 6/10
Tumour size (mean =+ SD, cm) 757 %333
Recurrent or metastasis lesions, no/yes 8/8
Preoperative chemotherapy, no/yes 13/3
Operation time (mean + SD, min) 2929+121.2
Intraoperative blood loss (mean + SD, ml) 1547 £1152.8
Complication, no/yes 15/
Postoperative recurrence, no/yes 12/4
Postoperative distant metastasis, no/yes 13/3
Adjuvant chemotherapy, no/yes 10/6
Adjuvant radiotherapy, no/yes 10/6

SS synovial sarcoma, VAS visual analogue scale, KPS Karnofsky Performance
Status, SD standard deviation, F female, M male
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Fig. 1 Patient no. 13: MRI showing low signals in T1- (a) and heterogeneous signals in T2 (b)-weighted images of a soft tissue mass in the C7
vertebral body and appendix, with spinal cord compression from C6 to T1. CT images (c¢) showing a destructive soft tissue mass and osteolytic
lesion in the C7 vertebral body and appendix. Cervical vertebra anterior and posterior (AP) (d) and lateral (LAT) (e) X-rays at the follow-up

52 months after surgery, demonstrating the maintenance of the instruments and spinal stability

Surgical intervention

All patients were surgically treated. The surgical approach
and the instrumentation method were tailored for each
patient. Four en bloc resections and 12 piecemeal resec-
tions were performed in the 16 spinal patients, with an
average procedure time of 292.9 +121.2 (median 300,
range 140-510) min and blood loss of 1547 + 1152.8
(median 1200, range 200—4500) ml (Table 1). All resected
specimens were proven with a negative margin by patho-
logical examination. Intraoperatively, the surgical field was

immersed with oxaliplatin. Spinal stability and balance
were restored in accordance with the resection extension.
Artificial vertebral bodies, titanium mesh cages and anter-
jor titanium plates were applied to reconstruct the bony
defects. Pedicle screw systems and lateral mass screw
systems were used for posterior internal fixation (Figs. 1
and 2). A significant amelioration of Frankel scores was
detected postoperatively (P =0.002). VAS (P =0.002) and
KPS (P=0.002) scores were also significantly improved
after operation in all patients.
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Fig. 2 Patient no. 14: MRI showing a vertebral lesion with a paraspinal mass from C5 to C7 (a, b). CT images (c) showing an osteolytic lesion with
calcification. AP (d) and LAT (e) X-rays after surgery, showing anterior vertebral reconstruction and posterior internal fixation

J

Adjuvant treatment

Radiotherapy and chemotherapy were used before and/
or after operation based on the tumour size, surgical
findings and the general status of a patient. Because of
recurrent diseases and the need to facilitate surgical
resection, a total of three cases received preoperative
chemotherapy. Six patients had both adjuvant chemo-
therapy and radiotherapy. Gamma knife was performed
on the pulmonary metastasis of one patient.

Follow-up
The average time of follow-up for all 16 patients was
35.9 £ 23.5 (median 31.5, range 4—87) months. The 1-, 3-

and 5-year OS rates were 87.5%, 61.4% and 40.9%, respect-
ively. Four of the 16 patients (25.0%) developed local
recurrence 3—10 months after surgery in our institution
and one of them underwent another surgical resection. All
four of these patients, three of whom had a history of
recurrent disease, received piecemeal resection. Three
of the 16 patients (18.75%) developed distant metastasis
8-24 months after the operation, including two lung
metastases and one metastasis of the subcutaneous
tissue with ulceration. Eight of the 16 patients (50.00%)
died during the follow-up period, with a mean survival
of 33.6 + 26.2 (median 30.5, range 4—87) months. All eight
of these patients received piecemeal resection, and the



Yang et al. World Journal of Surgical Oncology (2018) 16:175

causes of death included local or distant recurrence or
multiple organ failure after the operation. One (6.25%)
patient was alive with the disease (AWD) at last follow-up,
and the other seven (43.75%) were living without evidence
of disease (NED). Postoperative complications, including
wound dehiscence and fat liquefaction, were observed in
one patient (Table 2).

Discussion

SS is a rare and aggressive malignancy, with a predominance
in adolescents and young adults [2]. Similarly, 8 of the 16
(50.0%) patients in our study were younger than 30. This
type of tumour has the potential for metastasis, with the
lungs being the most susceptible site [16]. In our series,
there were two patients who had a lung metastasis. One
patient experienced a subcutaneous tissue metastasis, which
is uncommon and has only previously been reported in
prior literature twice [17]. SS occurs in the extremities, most
commonly near the joints, and the rarity of spinal SS limits
the sample size of studies conducted on this type of cancer
[18]. Most of the available knowledge on the treatment and
prognosis of spinal SS comes from sporadic cases reported
in previous literature (Table 3). As far as we can tell, this is
the largest conducted case series that analyses the clinical
features and outcomes of these patients.

Progressive chronic pain and a palpable mass are the
common symptoms of SS [2, 14, 19]. In a previous report,
the duration between the onset of symptoms and start of
treatment could be longer than 10 years [20]. For spinal
patients, numbness or weakness of the extremities and
urinary or bowel dysfunction caused by nerve root
irritation or spinal cord compression are commonly
seen [21-23]. In our series, 81.25% patients had varying
degrees of neurological deficits and almost all patients
had pain in tumour sites. One patient was admitted to
our institution with acute lower extremity paralysis due
to a compression fracture of the T1 vertebral body. His
motor and sensory functions were improved significantly
after surgery. Calcification seen in plain radiographs and
CT scans is thought to be one of the features of SS in
approximately 30% of patients [18, 24]. In our series, the
calcification feature was seen in three (18.75%) patients.
On MRI, most SSs have variable and heterogeneous
signals in T1- or T2-weighted images [5]. Radiologic
examinations are applied to detect the tumour but are
difficult to use in making a diagnosis. No definitive
characteristics have been seen to distinguish SS from
other diseases like nerve sheath tumours, Ewing sarcoma,
chondrosarcoma and other unusual STSs.

Spinal SS has a relatively poor prognosis, with a high died
of disease (DOD) risk (50.00%) and a low NED (43.75%)
rate, both of which are also documented in previous studies
[7, 13, 16, 25]. A total of four postoperative local recur-
rences and three distant metastases were detected. It has
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been documented that most spinal SS patients die within
3 years [18], while the 5-year OS rate of all-site SS is
25-76% [7, 26]. In the current study, the 5-year OS was
40.9%, which is consistent with the published data. Sar
et al. [27] reported a patient with primary SS of the
sacrum who died of this disease 94 months after surgery,
which is the longest survival time in literature. In our
study, the longest OS was seen in a thoracic spinal SS
patient, who had an 87-month survival. There are several
possible reasons of the unfavourable prognosis of spinal
SS. First, nerve compression can cause neurological defi-
cits, which impacts the quality of life of these patients.
Heavy blood loss and long surgical duration also affect
the general status of these patients. Second, due to the
complex structures of the vertebrae and surrounding
tissue, sometimes en bloc excision is hard to achieve,
and potential tumour residue might occur. In our study, no
local recurrences were seen in the four patients who re-
ceived an en bloc excision, and they seem to have a rela-
tively good prognosis. Therefore, any tumour residue might
increase the risk of postoperative recurrence. On the other
hand, the special anatomic site of spinal lesions might help
refine the application and dosage of radiotherapy.
Management of spinal SS should follow the instruction
of a multidisciplinary team, and surgical resection serves
as the first choice, if wide excision with clear margins is
possible [28—31]. Subtotal resection of the tumour might
be followed shortly by a local recurrence [32]. En bloc
resection is important in spinal tumours to minimize the
tumour residue. Kim et al. [6] reported a C2 SS removed
with negative margins, and Cao et al. [33] reported
another case who underwent a T7 en bloc resection.
Both patients survived without recurrence in their 2- and
1-year follow-up, respectively. In our series, a total of four
patients, including two with cervical lesions, one with
lumbar lesions and one with sacral lesions, received en
bloc resections conducted as one-stage surgeries, and they
all had favourable prognoses post-surgery. None of the
four patients developed local recurrence or died of this
disease during the follow-up from 11 to 74 months. A
two-stage surgery with the tumour removed with negative
margins may also achieve satisfying local control. Puffer et
al. [18] reported a case of thoracic dumbbell SS. The
tumour was grossly debulked in the first stage, and en bloc
resection of the T4, 5, 6 and 7 vertebrae was performed as
a second-stage operation. No evidence of tumour recur-
rence was observed at 67 months from the final resection.
For complete tumour resection, sometimes nerve roots or
vessels must be sacrificed. In a case [22] of a primitive
intraneural SS of the L5 nerve root, the infiltrated root
was resected for complete removal of the residual lesion.
A slight sensory and motor deficit in the left leg persisted
during the 5-year follow-up. The decision should be made
carefully, and patients should be informed, especially



Page 8 of 11

Yang et al. World Journal of Surgical Oncology (2018) 16:175

saseselaw bun| snopidsns ‘dn-mojjoy

Adelayiowayd Aq pamoy|oy {pa1dasal ssad0id
3SI9ASURIY 9] DY} U] JNOWINY [eNpISaI SSOIH
‘suiblew aA11BHIU YIIM PR1235al 1004 SAIRU

YIUOW-9 1e DUa1INd3J INoWN} ON pue paspuUl _INP ‘PaAOWIR) Jnowiny [euidseled 9-G1 4 143
011 pPunoJe panuad
191€| SYIUOW {7 3Se3SIP JO paid Asdoiq pue Awoaulwe| [ 1-71 1 ssew |euldseleq 4 s
Adersyrowsyd
pue Adeiay) uoneipel () pue | -1 1
uondasal w01} uoisny [eulds pajuswiniisul Jouisod
[PUL} 9Y} WOJ} SYIUOW /9 1 S35eISeIaWl e YlIM /7] JO UONDSaI D0|q US (7) Inowny
10 9DU1INJ3] JNOWIN JO 9DUIPIAD ON| 40 bupjngap yim Auoraulwe| -1 (1) 91 4 65 € [81] LLOT |e 12 Jaynd
35e3sIp JO paIp pue
dn-moj|0} Jeak-9 Ul P21INDJ0 SISEISEIDW Juswieal} JueAn(pe
Bun| a|dinNw ‘@dua1ind3al [e307] onnadesaylolpes pue Uondasal 313|dwod) 1D W og | [67) L10T ‘e 12 Uiez
A12bins 150d syuow 9 1e siseisersw paspxa Aj219|d
10 3dUaLNd3 [BI0] JO SUBIS ON W0D UOIS3| ssew [ednpida paulap-|lom v /-9D W vl | [£€] 110T |e 12 speyden
A1abuns 1aye sieak g Adeiayy uonelpes [eJ0] JUBAN(PE pUB Pa1d35al
SISEISEISW PUB SDUS1IND3I [BD0| JO 39l AJ[e301 JnOWINy ‘Awoldaulwe|IwSY Y| H-7] (euinba epned)y-¢7] 4 4 | [9€] Z10T '|e 12 eMBZIUOA
Adesayyowayd aapeladolsod ‘H-7D JO Uols
NJ [BDIAIDD JOLISIUR (9D)-7D) JO UOIIRIUSWINIISUI
Jouaisod pue 7D Jo Awoidauiwe| [efed
/ %D Jo Awoldaulug] ‘€D JO UOIDISI INOWN| €D W Al L [S] €10C "[e 1o wiy
Adelaylowsyd Aq pamo||oy ‘pa1dasal 1001
SIP9A G U9)e ISeISIP JO SDUIPIAS ON pa3lel}|jul SY1 pUB PIPUIIXS UOISOID dUOg (1004 3AIBU GT)G-] 4 / | [22] €107 ‘e 12 eld
uoMdNIISUODI
deyj jeuonelol paseq-AioLe [PISOdISUI eale
/ [eJ318] YuM dwin| Y3 JO UOISIDXS [BIO] PIA Jeuidseled |enesoquInT 4 [ | 7] €107 |e 3@ Bieo
Adesayy uoneipes
sieak 7 10} 931) 3seasig JueAN[pe AQ pamoj|o} Uondasal [eulbiey ) W 67 | [9] #7107 '[e 32 wiy
Adesayrouwayd pue Adelayy
A12bins 1aye Jeak | ul ured yoeq moT uoneIpeI AQ PaMOJ|0} UOIDISI D0|q UD /| /1 W (o4 | [€€] 10T e 12 oeD
Adeiayiolpes
9Alleladolsod pue uoissaiduodap
/ YIM UONDIS3I Inowiny Jouaisod v a4l 4 0z | [7€]1 910 Je 1@ uayD
91| Yluow |
35e3SIP AY} 0} PaUINIINS Juafied
'SYIUOW Q Ja)ye DU1IND3J NIIS U| Jnowiny 3y Jo Uond3sal [e10Igns ) W 0z | [2€] 9107 ‘e 12 buej
Adesayiowsyd
A1abins SpIue)so)l pue Adesayy uonelpel Juean(pe
19)4e SYIUOW 9 pauindal swoldwAs oN 'JNOWN] 31 JO UOISIDXS |10} puUB AWOIoulueT] 0l-6L W ol | [1Z1 9107 ‘e 3@ ono
dn-moj|o} Adeisyiowayd pue uolie|pel
SYIUOWI 9 1e 934} 9SBIS|P Pauleulal pue JueAn(pe ‘uoisny Jopaisod Ag pamoj|o} Inowiny
snieys [ed1b60joINauU By} Ul JuswaAoiduw| 3y} JO UOISIDXa [B10} puR AWOId8UIWET 8-/1 4 Yoz | [61] 8107 ‘[P 3 UeURWERIGNS
dn-mojjo4 Juswiieal | $91IS Jnown | PEN sleak ‘9by $95ED JO JaqUINN 1eaA Ag auntesann

800¢ 2Uls Jeak AQ ain1eall| 9yl ul pauodal S [eulds JO MaINSY € djgel



Page 9 of 11

Yang et al. World Journal of Surgical Oncology (2018) 16:175

Slew py ‘djewsy 4

1918 SYIUOW €

saseiselsw dneday pue bun| jo paiqg AUl010]9AW [eulpnibuo’ G-€D W 65 | [L€] 8007 ‘|e 12 01e||02S
A19bins 1aye
SYIUOW 6 pue SIeak G U] 95easIp 1oUlsIp uopelpes pue Adelsyiowsyd aAnesadoisod
10 32U1INJ3J [BD0] JO DUSPIAS ON pajedpiue Yum uondasal [eulbiey S-71 4 Pyl | [01] 60078 32 snueg
Adelayr uoneipel
dn-moj|04 YIUOW-6 Ul 9DU21Nd3) ON Aq pamoj|oj ‘Auiorodeioy) papIs-1ybiy 0l-/1 W 09 | [] 600€ e 19 J3]Y20)
dn-moj|o4 uonelpeIowsyd buimol|oy ‘Ausbins bupjngap
YIuowl-z | Jaye 95uaLndal [ed07] ‘leAoulal ssew [eINpida Yim Awoidauluen fax4nl W 143 | [8] 6007 |e 12 YiuAeyY
uoneipejowsyd
uolssaibold aseasip aAlel|jed ‘uoIsn) pue uonexiy /D-[endindo yim
40 AjoAnesadoisod syuow g paiqg Awo129di0d 7D Jouaisod ‘Auoldaulwe| €-7D (@) 4 (o4 | [0€1 010T ‘e 12 plouly
sisoubelp
13)ye Syuowl |z asessip Jo palp pue Adesayy uoneipes
A126JNS 1948 SYIUOWI 9 1B DULINIDY 9Al1eI9d01S0d puUe UOISIIX D0[q U JNOWN | MOJ3Q pUe 7§ W 4 | [s€10l0Z e 1@ NI
Jnowiny 8y} JO 95Ua1INdal Adesayrouwayd pue Adelayy
INOYIM UO1ID3531 150d S1eak 9 uonelpel aAeiadoisod ‘Uodasal [e10Igng 11-€D W 6¢C | [€27] 1107 ‘e 19 urwalio4
dn-mojjo4 Juswiieal | $91IS Jnown | PEN sleak ‘9by $95ED JO JaqUINN 1eaA Ag auntesann

(Panuu0D) 8007 dUls 1e3A Ag aInieiai| 2y Ul pauodal §S (euids JO MaIAdY € dlqeL



Yang et al. World Journal of Surgical Oncology (2018) 16:175

when cervical, lumbar and sacral nerve roots and vertebral
arteries are entrapped and violated. In our series, in nine
patients, including three with en bloc resection, the nerve
roots were sacrificed.

Adjuvant therapies are beneficial for large, deep and
high-grade STSs [28]. Six patients with an advanced
tumour stage and relatively stable general status had
chemotherapy and local radiotherapy following the oper-
ation. Of these six patients, one was DOD, one was AWD
and four were alive with NED at their last follow-up. The
relatively better outcomes for these patients might be
affected by their better general condition. Most previously
reported cases used adjuvant chemotherapy and/or radi-
ation therapy [34—36]. Naphade et al. [37] reported a case
of cervical SS where the tumour was completely excised
without adjuvant treatment, and no signs of local recur-
rence or metastasis were detected at 6 months after
surgery. There is no consensus about the role of adjuvant
and preoperative chemotherapy in SS [28]. A previous
study demonstrated that SS tended to have higher chemo-
sensitivity compared to other STSs [38]. Eilber et al. [39]
showed that ifosfamide-based chemotherapy offered a
survival benefit to adult patients with primary extremity
SS. However, Italiano et al. [12] suggested that pre-
operative or adjuvant chemotherapy did not improve
the prognosis. Based on our study and experience,
well-planned, wide surgical excision should be the
cornerstone of treatment for spinal SS and the main
factor indicating their prognosis. Molecular and cellular
abnormalities of SS implied new therapeutic targets, and
receptor tyrosine kinase inhibitors like cediranib and
bevacizumab have shown promising results [40—42].

Conclusion

We presented a case series of 16 spinal SS patients, and
the features of spinal SS were roughly depicted. Spinal
SS has a relatively poor prognosis. Surgical management
with en bloc excision is demanding yet the most effective
treatment strategy to improve outcomes. Management of
spinal SS should be under the instruction of a multidiscip-
linary team. Therefore, a multi-centred, prospective study
with a large cohort is required to further investigate the
therapeutic strategy for spinal SS.
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