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Introduction: Spinal tenosynovial giant cell tumor (TGCT) is a rare benign primary
spinal tumor with aggressive behavior. The treatment strategy and prognosis of
spinal TGCT remain unclear. This retrospective study aimed to evaluate the
effectiveness of surgical treatment of spinal TGCT.

Methods: We enrolled 18 patients with spinal TGCT who underwent surgical
treatment in our hospital between January 2002 and January 2021. Additionally,
we reviewed 72 cases of spinal TGCT with surgical treatment reported in the
previous literature. Therefore, a total of 90 cases of spinal TGCT were evaluated for
their clinical characteristics, surgical details, radiotherapy, and prognosis.

Results: In terms of the extent of resection, 73 cases (81.1%) underwent gross total
resection (GTR), and 17 cases (18.9%) underwent subtotal resection (STR). Regarding the
technique of GTR, 12 cases (16.7%) underwent en bloc resection, while 60 cases (83.3%)
underwent piecemeal resection. During a median follow-up duration of 36 months
(range: 3-528 months), 17.8% (16/90) cases experienced local recurrence/progression.
The local recurrence/progression rate in cases that underwent GTR was 8.2% (6/73),
which was significantly lower than that in cases with STR (58.8%, 10/17) (p<0.001). The
local recurrence/progression rate of en bloc resection was 8.3% (1/12), and that of
piecemeal resection was 8.3% (5/60). Twelve cases underwent perioperative adjuvant
radiotherapy, and one (8.3%, 1/12) of them showed disease progression during follow-
up. Six recurrent/progressive lesions were given radiotherapy and all of them remained
stable in the subsequent follow-up. Eight recurrent/progressive lesions were only
treated with re-operation without radiotherapy, and half of them (50.0%, 4/8)
demonstrated repeated recurrence/progression in the subsequent follow-up.

Conclusion: Surgical treatment could be effective for spinal TGCT cases, and GTR
is the preferred surgical strategy. Piecemeal resection may be appropriate for
spinal TGCT cases with an acceptable local recurrence/progression rate.
Perioperative adjuvant radiotherapy may reduce the risk of postoperative local
recurrence/progression, and radiotherapy plays an important role in the treatment
of recurrent/unresectable spinal TGCT lesions.
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1 Introduction

Tenosynovial giant cell tumor (TGCT), also called pigmented
villonodular synovitis (PVST), is a rare soft tissue tumor derived
either from the peri-articular, intra-articular synovial membrane,
tendon sheath or bursae. The vast majority of TGCT is a benign
tumor that may show aggressive behavior, and malignant TGCT is
extremely rare (1). TGCT usually affects the extremities, such as the
knee joint, hip joint, and fingers. TGCT involving the spine is extremely
rare but has occasionally been reported in single or multiple case series
in the previous literature. To date, the largest case series of spinal TGCT
have been reported by Furlong et al. in 2003 (2) and Motamedi et al. in
2005 (3), with 15 spinal TGCT cases reported by each.

For TGCT located in the extremities, surgical resection is the
preferred curative treatment (4). However, TGCT has shown a
propensity for local recurrence after surgical resection, especially
diffuse TGCT, with a local recurrence rate of up to 10-48% in
previous studies (4-8). Therefore, gross total resection (GTR) with
postoperative radiotherapy has been recommended for TGCT to
reduce local recurrence (9). Due to the special anatomy and
functions of the spine, the clinical characteristics, treatment method,
and prognosis of spinal TGCT might be different from those of TGCT
of the extremities. However, there is limited experience regarding the
surgical treatment and prognosis of spinal TGCT due to its rarity.

To summarize the experience of surgical treatment and prognosis
of spinal TGCT, we retrospectively reviewed 18 cases of spinal TGCT
that were diagnosed and surgically treated in our hospital over the
past 20 years. We also reviewed and compared the 72 spinal TGCT
cases reported in previous literature. Finally, we present the clinical
information, surgical regimens, radiotherapy, and follow-up
outcomes of these combined 90 cases.

2 Methods

2.1 General information of the hospital
patients

This study was approved by ethics committee of our hospital. The
requirement for informed consent was waived due to the retrospective
nature of this study. After a review of our spinal tumor database, we
identified 18 spinal TGCT patients who had undergone surgical treatment
at our department between January 2002 and December 2021. Their
TGCT diagnosis was confirmed by histopathological examination.

We retrospectively collected and evaluated the hospital charts,
surgery information, pathology reports, and imaging information. The
following data were collected: age, sex, symptoms, neurologic function,
tumor location, radiological features, pathology, surgical procedure,
perioperative radiotherapy, outcome, and complications of treatment.

2.2 Radiological evaluation and biopsy

Posteroanterior and lateral X-rays of the spine, computed
tomography (CT), and magnetic resonance imaging (MRI) were
routinely performed preoperatively in all patients to evaluate the
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lesion. The Enneking Staging system was used to evaluate the lesion
based on the CT findings.

All the spinal TGCT patients in our department received
percutaneous CT-guided trocar biopsy before surgery, except for
one who underwent an unsuccessful surgery at another hospital
and was subsequently referred to our department.

2.3 Surgical technique

In the previous literature, according to the extent of surgical
resection in spinal TGCT cases, the surgical strategy was divided into
gross total resection (GTR) and subtotal resection (STR) (2, 10-15).
GTR means complete resection without macroscopical residual
tumor, includeing en bloc resection and piecemeal resection
(intralesional resection). En bloc resection is removing the tumor in
one piece without violating the capsule of the tumor based on the
WBB (Weinstein-Boriani-Biagnini) classification, or removing the
tumor in two pieces with violating the capsule of the tumor by
transpedicular osteotomy (16). Piecemeal resection (intralesional
resection) begins with careful exposure of the lesion through the
normal tissue, and the tumor could be removed as two or more pieces
and the capsule could be violated to protect the paraspinal vital
structure. STR was defined as incomplete resection with any
macroscopical residual tumor, which means curettage or debulking
surgery, the capsule of the tumor could be violated with suspicious
tumor residual. Internal fixation and fusion could be used to
reconstruct the stability of the spine if it is necessary. Perioperative
radiotherapy was recommended to spinal TGCT patients according
to the experience of the surgeon and oncologist.

2.4 Follow-up

Typically, patients underwent X-rays, CT, and MRI scans every 3
months in the first 2 postoperative years, every 6 months in the next 3
years, and annually thereafter. During the follow-up, if the patients
had any symptoms indicative of local recurrence, immediate CT and
MRI were prescribed. Single photon emission computed tomography
(SPECT)and positron emission tomography-computed tomography
(PET-CT) were used if the suspected local recurrence could not be

confirmed or denied by routine examination.

2.5 Literature search

The search terms were taken from MeSH (Medical Subject
Headings). MeSH terms and entry terms of “tenosynovial giant cell
tumor” or “synovitis, pigmented villonodular” were combined with
the MeSH terms and entry terms of “spine” or “cervical spine” or
“thoracic spine” or “lumbar spine”. Electrical databases, including
PubMed, Embase, Ovid, and Web of Science were searched. The
search field was “all field” and the publication time was between
January 1980 to January 2022. The study regarding the spinal TGCT
cases was first published in 1980 by George M. Kleinman (17).
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2.6 Study selection and data extraction

The inclusion criteria were as follows: pathological diagnosis of
spinal TGCT, surgical treatment, case report, case series report, and
retrospective, prospective, and observation research. The exclusion
criteria were as follows: unclear treatment or follow-up information in
the literature, less than 12 months follow-up period [if the local
recurrences were documented in less than 12 months postoperatively,
these cases were still included in the study (18, 19)], full-text could not
be obtained, conference abstract, review, meta-analysis, book,
comment, and letter. After removing duplicate studies, screening
the titles and abstracts, and reading full texts, a total of 76 studies
were included.

Among 134 spinal TGCT reported in these studies, a total of 62
cases were excluded, including 17 cases with no treatment
information, 11 duplicated cases, four cases with non-surgical
treatment, 15 cases with no follow-up data, and 15 cases with a
follow-up period of less than 12 months without documentation of
local recurrence or progression. Finally, 72 spinal TGCT cases with
surgical treatment from previous studies were included in the
literature group (Figure 1).

The demographic information, clinical characteristics, tumor
location, surgical information, adjuvant therapy, outcomes,

10.3389/fonc.2022.1063109

complications, pathology reports, follow-up data, and imaging
information of spinal TGCT cases in the previous literature were
extracted and summarized.

2.7 Statistical analysis

Continuous variables were presented as means and standard
deviation (mean + SD), while discrete variables were presented as
frequency counts and percentages. Based on the sample size and
expected value, the chi-square test or Fisher test was used to analyze
the categorical variables. Statistical significance was set at p<0.05. The
statistical analysis was performed by SPSS (version 20.0; SPSS, Inc.,
Chicago, IL).

3 Results
3.1 Demographic and clinical information
In our spinal TGCT group, there were 18 cases who underwent

surgical treatment. All cases were followed-up with a median follow-
up period of 67 (range: 12-228) months (Table 1).
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FIGURE 1
Flow Diagram of Literature Group.
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In the literature group, there were 72 spinal TGCT cases were
enrolled. Their median follow-up period was 28.5 (range: 3-
528) months.

Information on sex, age, symptoms, Frankel grade and location,
pathological type, and Enneking staging of lesions is summarized in
Table 2. There was a significant difference in the location of the
lesions between our group and the literature group (p=0.033).

3.2 Surgical technique

In our spinal TGCT group of 18 cases, 15 (83.3%) cases underwent
successful GTR, while three (16.7%) cases underwent STR because the
lesions were adherent to vital structures (such as the dural sac, and
vertebral artery) and difficult to detach. In the 15 GTR cases, 13 (86.7%)
cases underwent piecemeal resection, while two (13.3%) underwent en
bloc resection (total en bloc spondylectomy).

In the literature group of 72 cases, 58 (80.6%) cases underwent
GTR, and 14 (19.4%) underwent STR. Among the GTR cases, 47
(82.5%) cases underwent piecemeal resection, while 10 (17.5%)
underwent en bloc resection, and one resection technique was not
available due to limited information. There was no significant
difference in the surgical technique between the two groups (Table 3).

Among all the 90 cases of spinal TGCT, 73 (81.1%) underwent
GTR, and 17 (18.9%) underwent STR. Of all GTR cases, 12 (16.7%)
cases underwent en bloc resection and 60 (83.3%) underwent
piecemeal resection.

10.3389/fonc.2022.1063109

3.3 Local recurrence or disease progression

In our spinal TGCT group, 22.2% (4/18) cases demonstrated local
recurrence/progression (Figures 2-5), while 16.7% (12/72) cases had
local recurrence/progression in the literature group (p=0.836). On
combining the data from the two groups, the local recurrence/
progression rate among the spinal TGCT cases was 17.8% (16/90).

In all 90 cases, 8.2% of GTR cases (6/73) and 58.8% of STR cases
(10/17) experienced local recurrence/progression; however, there was a
significant difference in the local recurrence/progression rate (p<0.001).

One case (8.3%, 1/12) with en bloc resection and five cases (8.3%, 5/60)
with piecemeal resection showed local recurrence/progression (p=1.000).

3.4 Complications

In our spinal TGCT group, a total of 10 (10/18, 55.6%) cases
experienced surgical complications.

Among the GTR cases, surgical complications were observed in
60% (9/15) of the cases, including two cases with prolonged
postoperative endotracheal intubation, two with a transient
neurological deficit (one after en bloc resection), one with
submandibular gland injury, one with an intraoperative dural tear,
one with pleural rupture and effusion, and one with repeated internal
fixation failure (en bloc resection, Case 6, Figure 2).

There was only one (1/3, 33.3%) case with a surgical complication
(transient neurological deficit) among the STR cases.

TABLE 1 Treatment and Outcomes of Spinal tenosynovial giant cell tumor in Our Group.

Gender Age Symptom WBB Surgery | Radiotherapy Follow-up Months = Last Status
1 F 22 Mass E C1-2 A-D/7-12 GTR/PR Pre-op 228 NED
2 M 30 P E C4-5 A-D/9-12 GTR/PR No 180 NED
3 F 37 P+ND D C5-7 A-D/1-5,12 GTR/PR No 118 NED
4 F 44 P+ND D C1-3 A-D/1-6 STR after recur 102 SWD
5 M 22 P+ND D T11 A-D/4-12 GTR/En bloc = No 60 NED
6 M 46 P E T9 A-D/2-8 GTR/En bloc | after recur 141 SWD
7 M 28 P+ND D C4-6 A-D/1-2,5-12 STR after recur 27 SWD
8 F 32 P E C1-2 A-D/2-8 STR after recur 72 SWD
9 M 29 P E C1-2 A-D/1,6-12 GTR/PR Post-op 84 NED
10 M 25 P+ND D T7-8 A-D/1-2,9-12 GTR/PR Post-op 120 NED
11 F 45 P+ND D C1-2 A-D/1-10 GTR/PR No 180 NED
12 F 47 P+ND E C4-6 A-D/4-11 GTR/PR Post-op 62 NED
13 F 26 P+ND D T2-3 A-D/1,9-12 GTR/PR No 39 NED
14 F 38 No E Cl1 A-C/1-2,11-12  GTR/PR Post-op 36 NED
15 M 49 ND D C1-2 A-D/1-5 GTR/PR Post-op 48 NED
16 F 36 P+ND E C3-5 A-D/8-12 GTR/PR No 28 NED
17 M 32 P E T1,2 A-D/1-6,12 GTR/PR No 12 NED
18 F 17 P+ND D C6-7 A-D/10-11 GTR/PR Post-op 12 NED

F, female; M, male; P, local pain; ND, neurological deficit; S3, stage 3; GTR, gross total resection; STR, subtotal resection; PR, piecemeal resection; NED, no evidence of disease; SWD, survival with disease.
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TABLE 2 Demographic and Clinical Characteristics.

10.3389/fonc.2022.1063109

Our group Literature group Total p-value
Case Number 18 72 90 /
Gender (Male) 8 (44.4) 33 (46.5) 41 (46.1) 0.877
Mean age at operation(years) 33.6 +9.7 39.2 +16.5 38.1+ 155 0.175
Location of Lesion
Upper Cervical(C1-2) 6 (33.3) 9 (12.5) 15 (16.7) 0.033*
Subaxial Cervical(C3-7) 7 (38.9) 25 (34.7) 32 (35.6)
Thoracic 5(27.8) 17 (23.6) 22 (24.4)
Lumbar 0 (0) 19 (26.4) 19 (21.1)
Sacrum 0 (0) 2(28) 2(22)
Symptoms
Local Pain 15 (83.3) 45 (77.6) 60 (78.9) 0.723%
Neurological Impairment 11 (61.1) 38 (65.5) 49 (64.5)
Local mass 1 (5.6) 1(1.7) 2(2.6)
Asymptomatic 1(5.6) 6 (10.3) 7(9.2)
Frankel Grade
B 0 (0) 1(5.9) 1(38) 0.178°
C 0 (0) 5(29.4) 5(19.2)
D 9 (100) 11 (64.7) 20 (76.9)
Pathological Types
Benign 18 (100) 70 (97.2) 88 (97.8) 1.000°
Malignant 0 (0) 2(28) 2(22)
Enneking Staging of Benign TGCT
S1 0 (0) 3(10.3) 3 (6.4) 0.092%
S2 0 (0) 5(17.2) 5 (10.6)
S3 18 (100) 21 (72.4) 39 (83.0)
Follow-up months 67 [12-228] 28.5 [3-528]° 36 [3-528) /

Data are presented as number (percentage).
“Fisher exact test.

months later after surgery (Li, 2020).

There was one case had local recurrence in 3 months after the index surgery without any further information of later follow-up (Hsieh, 2012), another case had distant metastasis and died 6

TABLE 3 Extent of Resection and surgical technique.

Our group Literature group Total p-value
Extent of Resection
GTR 15 58 73 1.000*
STR 3 14 17
Surgical technique
En bloc 2 10 12 1.000*
Piecemeal Resection 13 47 60

“Continuity Correction Chi-Square Test.

In previous literature, one case without sufficient surgical information to judge whether en bloc resection or piecemeal resection.

Frontiers in Oncology

05

frontiersin.org


https://doi.org/10.3389/fonc.2022.1063109
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cao et al. 10.3389/fonc.2022.1063109

FIGURE 2

A 46-year-old male patient presented with back pain for one month. CT and MRI showed an osteolytic lesion in the T9 vertebra. He underwent GTR (en
bloc vertebrectomy of T9). At 37-month follow-up, he complained of back pain for 3 months, and CT and MRI demonstrated local recurrence at T10
vertebral body (arrows in E,F). He underwent GTR (en bloc vertebrectomy of T10). At 19 months after second operation, he had a sudden back pain and
X-ray showed that rod fracture. He underwent the third operation to replace the broken titanium rod with cobalt-chromium-molybdenum rod. At 8
months after third operation, the CT and MRI revealed the local recurrence at anterior part of T11 vertebral body (arrows in H,l). He underwent
radiotherapy but refused further surgery. The recurrent lesion was stable in subsequent 52 months follow-up (arrows in J,K), but the rob fractured again.
He had to underwent forth operation to replace the rod. (A,B): Preoperative axial and sagittal CT scans revealed the osteolytic lesion extended from the
T9 vertebral body to the left pedicle and transverse process; (C): T2-weighted axial MRI scans; (D): Posteroanterior X-ray after first operation; (E,F): Axial
and sagittal CT scans at 37-month follow-up after the first operation; (G): Posteroanterior X-ray after second operation; (H,1): Axial and sagittal CT scans
8 month later after third operation; (J,K): Axial and sagittal CT scans in 44th month after radiotherapy; (L): Posteroanterior X-ray after fourth operation

FIGURE 3

A 44-year-old female with neck pain for five months, an osteolytic lesion was located in the C1-2 (arrowheads). She underwent STR because of vertebral
artery invasion. In 6th month follow-up, the MRI scans revealed the local recurrence with a soft tissue mass (white arrows). She underwent radiotherapy
but refused further operation. In the subsequent 96 months follow-up, the lesion was stable and repeated PET-CT revealed the reduced uptake of the
lesion (green arrows). (A,B): Preoperative axial and coronal CT scans; (C): Multiecho gradient-echo sequence axial MRI scan; (D): Postoperative X-ray;
(E,F): T2-weighted axial and sagittal MRI scans in 6th month follow-up; (G): PET-CT in 18-month follow-up after radiotherapy (SUV max 6.0); (H): PET-
CT in the 90-month follow-up after radiotherapy (SUV max 2.1)
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FIGURE 4

A 28-year-old male with neck pain for 12 months, worsened and accompanied with radiating pain in right upper extremity, shoulder and back, numbness
in right hand for six months. Preoperative imaging examination showed a irregular and osteolytic lesion located in C4-6 with scoliosis. GTR was panned,
but he underwent STR for strong adhesion between tumor and dural sac, which was revealed during the operation. CT and MRI scans revealed soft
tissue mass and osteolytic lesion of local progression at 3-month follow-up after surgery (arrows in F,G). He underwent radiotherapy. The lesion was
stable with partial osteogenesis in 24-month follow-up after radiotherapy with new bone (arrow in H). (A): Preoperative X-ray; (B,C): Preoperative axial
and coronal CT scans; (D): T1-weighted axial contrast enhanced MRI scan; (E): Postoperative X-ray; (F): Axial CT scan at 3-month follow-up after
surgery; (G): T2-weighted axial MRI scan in 3rd month after surgery; (H): Axial CT scan at 24-month follow-up after radiotherapy.

FIGURE 5

A 32-year-old female with neck pain for four months, and worsened in the following 2 months. Preoperative imaging examination showed an osteolytic
lesion was located in the C1-2 (arrowheads in A, B). She underwent STR because of lesion adhesion to the vertebral artery. In 3-month follow-up, CT
and MRI scans revealed local progression with soft tissue mass (arrows in E,F,G). She underwent radiotherapy. And at the 69-month follow-up, the lesion
was stable and the volume of soft tissue mass was reduced with slight new bone around the osteolytic lesion (arrows in H,1,J). (A,B): Preoperative axial
and coronal CT scans; (C): T2-weighted axial MRI scans; (D): Postoperative X-ray; (E,F): Axial and coronary CT scans in 3rd month after surgery; (G): T2-
weighted axial MRI scan at the 3-month follow-up after surgery; (H-3J): Axial and coronary CT scans, and T2-weighted axial MRI scan at the 69-month
follow-up after radiotherapy.
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3.5 Radiotherapy

In our spinal TGCT group, 38.9% (7/18) cases had perioperative
adjuvant radiotherapy (one preoperative and six postoperative), and
none of them (0%) developed local recurrence/progression during the
follow-up. In the cases without perioperative adjuvant radiotherapy, four
of eleven (36.4%) cases had local recurrence/progression (p=0.220).

In the literature group, five cases underwent perioperative
adjuvant radiotherapy (one preoperative and four postoperative).
Four cases demonstrated no local recurrence or progression during
the follow-up. One case with postoperative adjuvant radiotherapy had
local recurrence and suspicious malignant transformation of the
tumor 15 months after STR.

3.6 Treatment of lesions with
recurrence/progression

There were 14 local recurrent/progressive lesions requiring further
treatment (including two repeated recurrent lesions). Among them, six
lesions were treated with radiotherapy or re-operation combined with
radiotherapy, and none of them showed repeated local recurrence/
progression during the subsequent follow-up. The other eight lesions
were treated with only re-operation, and four of them (50.0%) had
repeated local recurrence or disease progression.

4 Discussion

TGCT is a soft tissue tumor, which rarely occurs in the spine, and
the clinical characteristics and treatment of spinal TGCT are still
controversial. This study retrospectively analyzed the clinical
characteristics, surgical outcomes, radiotherapy, and prognosis of 18
spinal TGCT cases who underwent surgical treatment in our hospital
as well as 72 spinal TGCT cases reported in the previous literature.
Among the total 90 cases, the overall postoperative local recurrence/
progression rate was 17.8%, while the local recurrence/progression
rate of patients who underwent GTR (8.2%) was significantly lower
than that of those who underwent STR (58.8%). Furthermore,
radiotherapy may reduce the risk of postoperative local recurrence/
progression of spinal TGCT, and contribute to the control of
recurrent/progressive lesions.

TGCT presents a wide range of histopathological manifestations,
which is composed of varying proportions of histiocytic cells,
multinucleated giant cells, lymphocytes, foam cells, and
haemosiderin. The stroma of TGCT shows varying degrees of
collagenation. Sometimes it is difficult to distinguish TGCT from
giant cell tumor (GCT) of bone. If no H3F3 gene mutation is detected,
it may help to exclude the diagnosis of GCT (20). The vast majority of
TGCT is a benign tumor and malignant TGCT is rare and has some
specific histological appearance: diffuse nuclear pleomorphism,
prominent nucleoli, high nucleus-to-cytoplasmic ratio, increased
mitotic, focal necrosis, decreased intercellular adhesion, lack of
multinucleated giant cells and invasive growth pattern (21).
Malignant TGCT is very rare in spinal TGCT, and only 2 cases of
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malignant spinal TGCT have been reported in the previous literature
(22, 23), both have had local recurrence after surgery.

Surgical treatment is the preferred treatment for TGCT. However,
the postoperative local recurrence rate of TGCT is high due to its
aggressive nature and is reportedly 8.5-48.0% for TGCT in the
extremities (4, 6, 7, 24, 25). Furlong et al. reported nine spinal TGCT
cases with surgical treatment and follow-up, among which 44.4% (4/9)
had a local recurrence during the follow-up period of 4 months to 9
years (2). Giannini et al. evaluated 11 spinal TGCT cases who
underwent a surgical treatment and found that three cases (27.3%)
had a local recurrence during a follow-up of 6 months to 120 months
(median follow-up: 42 months) (10). In the present study, the local
recurrence/progression rate was 17.8% (16/90) for all spinal TGCT
cases. The local recurrence/progression rates in our group and literature
group were 22.2% (4/18) and 16.7% (12/72), respectively.

GTR is usually the appropriate choice for TGCT, which is aggressive
and has a propensity for local recurrence (2, 14, 26-28) (Figure 6).
Macroscopically complete and extensive resection is very important for
surgical treatment of TGCT located in the extremities and was found to
be associated with better local control in a previous study (29). Furlong
et al. reported six spinal TGCT cases who underwent GTR, and none of
them demonstrated local recurrence during a median follow-up of 66
months (range: 36-120 months) (2). Giannini et al. investigated 10 spinal
TGCT cases who underwent GTR, and two of them (20.0%, 2/10) had a
local recurrence during the follow-up of 6 to 118 months (10). Similarly,
Li et al. found that out of 11 spinal TGCT cases who underwent GTR,
none had recurrence/progression during a median follow-up period of
17 months (range: 4-85) (30). In our study, the local recurrence/
progression rate among spinal TGCT cases who underwent GTR was
8.2% (6/73), which was acceptable and significantly lower than that of
cases who underwent STR (58.8%, 10/17).

En bloc resection is recommended for spinal tumors to minimize
the risk of local recurrence, especially in aggressive lesions (Enneking
stage 3). However, it is a demanding technique, especially for lesions
involving vital structures (vertebral artery, dural sac, et al). Piecemeal
resection was the main surgical technique used for spinal TGCT cases
in the present study, with 83.3% (60/72) GTR cases undergoing
piecemeal resection, and only 12 of 72 (16.7%) cases undergoing en
bloc resection. During follow-up, the local recurrence/progression
rate of piecemeal resection was 8.3% (5/60), and there was no
significant difference when compared to cases that underwent en
bloc resection. The local recurrence/progression rate of piecemeal
resection was found to be acceptable (Figure 6).

Perioperative adjuvant radiotherapy has been recommended for
TGCT in the extremities to reduce the risk of local recurrence in some
previous studies (24, 31, 32). In our study, 12 spinal TGCT cases
underwent perioperative adjuvant radiotherapy, and none of them had
a local recurrence. Besides, six cases with recurrent/progressive lesions
underwent radiotherapy, and all of them were stable in the subsequent
follow-up. In contrast, eight cases with recurrent/progressive lesions only
underwent reoperation without radiotherapy, and half of them (50.0%,
4/8) had repeated recurrence/progression in the subsequent follow-up.
Therefore, we recommend perioperative adjuvant radiotherapy for spinal
TGCT to reduce the risk of postoperative local recurrence/progression,
especially when there was a suspected residual tumor. Radiotherapy
could contribute to the local control of recurrent/progressive spinal
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FIGURE 6

A 47-year-old female with neck pain for 12 months, accompanied with pain and numbness of left upper extremity for the recent 1 month. Preoperative
imaging examination showed an osteolytic lesion was in the C4-6. She underwent GTR (piecemeal spondylectomy). At 62-month follow-up, she was
symptom free. (A,B,C): Preoperative axial, coronal and sagittal CT scans; (D): T2-weighted axial MRI scans; (E): Postoperative X-ray; (F=H): Axial, coronary

and sagittal CT scans in 62th month after surgery.

TGCT lesions. In addition, there was limited experience with
preoperative radiotherapy in spinal TGCT patients in our department
and related reports were also rare. In this study, only two patients with
spinal TGCT underwent preoperative radiotherapy. One was the first
spinal TGCT patient treated in our department, and the other was
reported by Graham (33), who received preoperative radiotherapy
because the patient initially refused surgery and was misdiagnosed.
There was no local recurrence in either of them at the last follow-up.

There are some limitations of our study. First, since this was a
retrospective single-center study, selection bias was inevitable. Moreover,
the sample size was relatively small, and although we collected the
information from previous case reports and case series for comparative
and combined analyses, the data quality of the literature was difficult to
guarantee. However, to our knowledge, this is the largest study on spinal
TGCT. In the future, prospective, multicenter studies on spinal TGCT
with a large sample size are needed.

In conclusion, our results revealed that surgical treatment for spinal
TGCT was effective and GTR was the preferred surgical technique with a
lower local recurrence/progression rate compared to STR. Piecemeal
resection may be the appropriate surgical technique for spinal TGCT.
Perioperative adjuvant radiotherapy may reduce the risk of postoperative
local recurrence/progression, and radiotherapy plays an important role
in the treatment of recurrent/unresectable spinal TGCT lesions.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Peking University Third Hospital Medical Science
Research Ethics Committee. Written informed consent from the

Frontiers in Oncology

10.3389/fonc.2022.1063109

participants’ legal guardian/next of kin was not required to
participate in this study in accordance with the national legislation
and the institutional requirements.

Author contributions

CS contributed to the acquisition and interpretation of the
data, wrote the initial draft of the paper, and gave final approval of
the manuscript. WF, LX, and LZ contributed to the surgical
procedure. YS contributed to the pathological suggestion. JL
contributed to the conception and design of the study and the
surgical procedure, revised the initial drafts of the paper, and gave
approval of the final manuscript. All authors read and approved
the final manuscript.

Funding

This study was supported by a grant from Peking University
Third Hospital (Grant No. JT-0019).

Acknowledgments

We would like to thank Editage (www.editage.cn) for English
language editing.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


http://www.editage.cn
https://doi.org/10.3389/fonc.2022.1063109
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cao et al.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,

References

1. Nakayama R, Jagannathan JP, Ramaiya N, Ferrone ML, Raut CP, Ready JE, et al.
Clinical characteristics and treatment outcomes in six cases of malignant tenosynovial
giant cell tumor: Initial experience of molecularly targeted therapy. BMC Cancer (2018)
18:1296. doi: 10.1186/512885-018-5188-6

2. Furlong MA, Motamedi K, Laskin WB, Vinh TN, Murphey M, Sweet DE, et al.
Synovial-type giant cell tumors of the vertebral column: A clinicopathologic study of 15
cases, with a review of the literature and discussion of the differential diagnosis. Hum
Pathol (2003) 34:670-9. doi: 10.1016/s0046-8177(03)00250-8

3. Motamedi K, Murphey MD, Fetsch JF, Furlong MA, Vinh TN, Laskin WB, et al.
Villonodular synovitis (PVNS) of the spine. Skeletal Radiol (2005) 34:185-95.
doi: 10.1007/s00256-004-0880-9

4. Ota T, Nishida Y, Ikuta K, Tsukushi S, Yamada K, Kozawa E, et al. Tumor location
and type affect local recurrence and joint damage in tenosynovial giant cell tumor: A
multi-center study. Sci Rep-Uk (2021) 11:17384. doi: 10.1038/s41598-021-96795-6

5. Mastboom MJL, Verspoor FGM, Verschoor AJ, Uittenbogaard D, Nemeth B,
Mastboom WJB, et al. Higher incidence rates than previously known in tenosynovial
giant cell tumors. Acta Orthop (2017) 88:688-94. doi: 10.1080/17453674.2017.1361126

6. Ehrenstein V, Andersen SL, Qazi I, Sankar N, Pedersen AB, Sikorski R, et al.
Tenosynovial giant cell tumor: Incidence, prevalence, patient characteristics, and
recurrence. A registry-based cohort study denmark ] Rheumatol (2017) 44:1476-83.
doi: 10.3899/jrheum.160816

7. Schwartz HS, Unni KK, Pritchard DJ. Pigmented villonodular synovitis. a
retrospective review of affected large joints. Clin Orthop Relat R (1989), 247:243-55.
doi: 10.1097/00003086-198910000-00034

8. Patel KH, Gikas PD, Pollock RC, Carrington RW, Cannon SR, Skinner JA, et al.
Pigmented villonodular synovitis of the knee: A retrospective analysis of 214 cases ata UK
tertiary referral centre. Knee. (2017) 24:808-15. doi: 10.1016/j.knee.2017.03.011

9. Mastboom M]JL, Staals EL, Verspoor FGM, Rueten-Budde AJ, Stacchiotti S,
Palmerini E, et al. Surgical treatment of localized-type tenosynovial giant cell tumors of
large joints. J Bone Joint Surg Am (2019) 101:1309-18. doi: 10.2106/JBJS.18.01147

10. Giannini C, Scheithauer BW, Wenger DE, Unni KK. Pigmented villonodular
synovitis of the spine: A clinical, radiological, and morphological study of 12 cases. |
Neurosurg (1996) 84:592-7. doi: 10.3171/jns.1996.84.4.0592

11. Blankenbaker DG, Tuite MJ, Koplin SA, Salamat MS, Hafez R. Tenosynovial giant
cell tumor of the posterior arch of Cl. Skeletal Radiol (2008) 37:667-71. doi: 10.1007/
500256-008-0459-y

12. Miisliiman AM, Cavusoglu H, Yilmaz A, Dalkili¢ T, Tanik C, Aydin Y. Pigmented
villonodular synovitis of a lumbar intervertebral facet joint. Spine J (2009) 9:¢6-9.
doi: 10.1016/j.spinee.2008.12.010

13. Thatikunta M, Nuru M, Mathew AE, Altstadt TJ. Tenosynovial giant cell tumor of
the cervical spine: Case report and review of the. Cureus (2020) 12:¢12232. doi: 10.7759/
cureus.12232

14. Clark LJ, McCormick PW, Domenico DR, Savory L. Pigmented villonodular
synovitis of the spine. Case Rep ] Neurosurg (1993) 79:456-9. doi: 10.3171/
jns.1993.79.3.0456

15. Finn MA, McCall TD, Schmidt MH. Pigmented villonodular synovitis associated
with pathological fracture of the odontoid and atlantoaxial instability. Case Rep Rev lit |
Neurosurg Spine (2007) 7:248-53. doi: 10.3171/SPI-07/08/248

16. Jiang L, Liu XG, Wang C, Yang SM, Liu C, Wei F, et al. Surgical treatment options
for aggressive osteoblastoma in the mobile spine. Eur Spine ] (2015) 24:1778-85.
doi: 10.1007/s00586-015-3869-2

17. Kleinman GM, Dagi TF, Poletti CE. Villonodular synovitis in the spinal canal: Case
report. J Neurosurg (1980) 52:846-8. doi: 10.3171/jns.1980.52.6.0846

Frontiers in Oncology

10

10.3389/fonc.2022.1063109

or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

18. Hsieh YC, Chen WY, Hsieh TY, Chan WP. Pigmented villonodular synovitis of the
lumbar spine. J Clin Rheumatol (2012) 18:274-5. doi: 10.1097/RHU.0b013e318264215a

19. Weidner N, Challa VR, Bonsib SM, Davis CJ, Carrol TJ. Giant cell tumors of
synovium (Pigmented villonodular synovitis) involving the vertebral column. Cancer-Am
Cancer Soc (1986) 57:2030-6. doi: 10.1002/1097-0142(19860515)57:10<2030::aid-
cncr2820571025>3.0.co;2-¢

20. Gong L, Bui MM, Zhang W, Sun X, Zhang M, Yi D. H3F3A G34 mutation DNA
sequencing and G34W immunohistochemistry analysis in 366 cases of giant cell tumors of
bone and other bone tumors. Histol Histopathol (2021) 36:61-8. doi: 10.14670/HH-18-264

21. Somerhausen NS, Fletcher CD. Diffuse-type giant cell tumor: Clinicopathologic
and immunohistochemical analysis of 50 cases with extraarticular disease. Am J Surg
pathol (2000) 24:479-92. doi: 10.1097/00000478-200004000-00002

22. Oda Y, Takahira T, Yokoyama R, Tsuneyoshi M. Diffuse-type giant cell tumor/
pigmented villonodular synovitis arising in the sacrum: Malignant form. Pathol Int (2007)
57:627-31. doi: 10.1111/§.1440-1827.2007.02150.x

23. Clerc D, Berge E, Benichou O, Paule B, Quillard ], Bisson M. An unusual case of
pigmented villonodular synovitis of the spine: Benign aggressive and/or malignant?
Rheumatol (Oxford) (1999) 38:476-7. doi: 10.1093/rheumatology/38.5.476

24. Mastboom MJL, Palmerini E, Verspoor FGM, Rueten-Budde AJ, Stacchiotti S,
Staals EL, et al. Surgical outcomes of patients with diffuse-type tenosynovial giant-cell
tumours: An international, retrospective, cohort study. Lancet Oncol (2019) 20:877-86.
doi: 10.1016/S1470-2045(19)30100-7

25. van der Heijden L, Gibbons CLMH, Hassan AB, Kroep JR, Gelderblom H, van
Rijswijk CSP, et al. A multidisciplinary approach to giant cell tumors of tendon sheath and
synovium-a critical appraisal of literature and treatment proposal. J Surg Oncol (2013)
107:433-45. doi: 10.1002/js0.23220

26. Teixeira WG, Lara NJ, Narazaki DK, de Oliveira C, Cavalcanti C, Marins LV, et al.
Giant-cell tumor of the tendon sheath in the upper cervical spine. J Clin Oncol (2012) 30:
€250-3. doi: 10.1200/JCO.2011.36.7482

27. Kimura T, Nishisho T, Sakai T, Miyagi R, Takao S, Iwamoto S, et al. Tenosynovial
giant cell tumor, diffuse Type/Pigmented villonodular synovitis in a pars defect: A case
report. Spine (Phila Pa 1976) (2015) 40:E735-9. doi: 10.1097/BRS.0000000000000923

28. Tsui WWC, Fung KFK, Chan PKJ, Yuen MKE, Kan YLE. Cervical spine
tenosynovial giant cell tumor involving the atlantoaxial joint in a pediatric patient with
medulloblastoma. Skeletal Radiol (2022) 51:1317-1324. doi: 10.1007/s00256-021-03952-z

29. Palmerini E, Staals EL, Maki RG, Pengo S, Cioffi A, Gambarotti M, et al.
Tenosynovial giant cell tumour/pigmented villonodular synovitis: Outcome of 294
patients before the era of kinase inhibitors. Eur J Cancer (Oxford Engl 1990) (2015)
51:210-7. doi: 10.1016/j.ejca.2014.11.001

30. LiJ, He S, Xu K, Xiao J, Chu J. Clinical characteristic and surgical treatment for the
spinal tenosynovial giant cell tumors (TGCT): Case series and literature review. SN Compr
Clin Med (2020) 2:1666-75. doi: 10.1007/s42399-020-00398-7

31. Griffin AM, Ferguson PC, Catton CN, Chung PWM, White LM, Wunder JS, et al.
Long-term outcome of the treatment of high-risk tenosynovial giant cell tumor/
pigmented villonodular synovitis with radiotherapy and surgery. Cancer-Am Cancer
Soc (2012) 118:4901-9. doi: 10.1002/cncr.26529

32. Mollon B, Lee A, Busse JW, Griffin AM, Ferguson PC, Wunder JS, et al. The effect
of surgical synovectomy and radiotherapy on the rate of recurrence of pigmented

villonodular synovitis of the knee: An individual patient meta-analysis. Bone Joint |
(2015) 97-B:550-7. doi: 10.1302/0301-620X.97B4.34907

33. Graham EJ, Kuklo TR, Kyriakos M, Rubin DA, Riew KD. Invasive pigmented
villonodular synovitis of the atlantoaxial joint: A case report. ] Bone Joint Surg Am (2002)
84:1856-60. doi: 10.2106/00004623-200210000-00019

frontiersin.org


https://doi.org/10.1186/s12885-018-5188-6
https://doi.org/10.1016/s0046-8177(03)00250-8
https://doi.org/10.1007/s00256-004-0880-9
https://doi.org/10.1038/s41598-021-96795-6
https://doi.org/10.1080/17453674.2017.1361126
https://doi.org/10.3899/jrheum.160816
https://doi.org/10.1097/00003086-198910000-00034
https://doi.org/10.1016/j.knee.2017.03.011
https://doi.org/10.2106/JBJS.18.01147
https://doi.org/10.3171/jns.1996.84.4.0592
https://doi.org/10.1007/s00256-008-0459-y
https://doi.org/10.1007/s00256-008-0459-y
https://doi.org/10.1016/j.spinee.2008.12.010
https://doi.org/10.7759/cureus.12232
https://doi.org/10.7759/cureus.12232
https://doi.org/10.3171/jns.1993.79.3.0456
https://doi.org/10.3171/jns.1993.79.3.0456
https://doi.org/10.3171/SPI-07/08/248
https://doi.org/10.1007/s00586-015-3869-2
https://doi.org/10.3171/jns.1980.52.6.0846
https://doi.org/10.1097/RHU.0b013e318264215a
https://doi.org/10.1002/1097-0142(19860515)57:10%3C2030::aid-cncr2820571025%3E3.0.co;2-c
https://doi.org/10.1002/1097-0142(19860515)57:10%3C2030::aid-cncr2820571025%3E3.0.co;2-c
https://doi.org/10.14670/HH-18-264
https://doi.org/10.1097/00000478-200004000-00002
https://doi.org/10.1111/j.1440-1827.2007.02150.x
https://doi.org/10.1093/rheumatology/38.5.476
https://doi.org/10.1016/S1470-2045(19)30100-7
https://doi.org/10.1002/jso.23220
https://doi.org/10.1200/JCO.2011.36.7482
https://doi.org/10.1097/BRS.0000000000000923
https://doi.org/10.1007/s00256-021-03952-z
https://doi.org/10.1016/j.ejca.2014.11.001
https://doi.org/10.1007/s42399-020-00398-7
https://doi.org/10.1002/cncr.26529
https://doi.org/10.1302/0301-620X.97B4.34907
https://doi.org/10.2106/00004623-200210000-00019
https://doi.org/10.3389/fonc.2022.1063109
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Surgical treatment of spinal tenosynovial giant cell tumor: Experience from a single center and literature review
	1 Introduction
	2 Methods
	2.1 General information of the hospital patients
	2.2 Radiological evaluation and biopsy
	2.3 Surgical technique
	2.4 Follow-up
	2.5 Literature search
	2.6 Study selection and data extraction
	2.7 Statistical analysis

	3 Results
	3.1 Demographic and clinical information
	3.2 Surgical technique
	3.3 Local recurrence or disease progression
	3.4 Complications
	3.5 Radiotherapy
	3.6 Treatment of lesions with recurrence/progression

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


