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Abstract

Background and purpose: There is no consensus regarding the appropriate treatment of sacral giant cell tumor (SGCT). This study is to
compare oncological and neurological outcomes of SGCT managed by surgery and various adjunctive therapies.

Methods: A total of 31 patients with SGCT were retrospectively studied. They were divided into two Groups. A: 13 patients underwent surgery
plus SAE and radiotherapy; Group B: 18 patients underwent surgery plus one arterial embolization and denosumab. The postoperative
functional outcomes, recurrence, mortality, and complications were compared.

Results: The mean operation time (231249min) and blood loss (3167+856mL) of group B were significantly less than those of group A
(283+41min, 5054+689mL) (p<0.05). The average follow-up was 68.5 months. The neurologic function scores showed no significant
difference. The recurrence rate of group B (11.2%) was much lower than that of group A (30.7%, p=0.17). The cumulative survival rate of group
B was higher than that of group A (p=0.133).

Conclusions: In comparison to other adjuvant therapies, one arterial embolization plus denosumab can reduce the intra-operative blood loss,
shorten the operation time, and decrease the recurrence rate in patients with SGCT.

Introduction

Giant cell tumor of bone (GCTB), accounting for about 4-5% of all primary bone tumors, is an intermediate, primary bone tumor with local
aggressiveness[1-2]. The sacrum is the fourth most common site, accounting for 2—8% of all cases[3—4]. Sacral giant cell tumor (SGCT) tends
to be asymptomatic in the initial stage until it obtains a very large size[5]. Symptoms in severely affected patients include sacrococcygeal
paresthesia, bowel or bladder dysfunction, and lower extremity weakness[3, 6, 7]. Due to huge tumor size, complex structure, and massive
bleeding, SGCT surgery represents a challenge even for experienced oncology surgeon|[8].

Currently, there is no agreement regarding SGCT treatment [9—-11]. Surgery including curettage and en bloc excision has long been the primary
treatment. For preserving sacral nerve roots, complete excision cannot be easily achieved for sacrum 3 or above involvement. Intralesional
curettage is usually associated with a high local recurrence rate of 30-50%. The serial arterial embolization (SAE) can be used neoadjuvantly
to facilitate curettage. It has been confirmed to decrease tumor vascularization, prevent tumor progression, and relieve pain[11-14]. The
disadvantage is that patients may require multiple sessions of embolization.Radiotherapy used as adjuvant treatment for residual or recurrent
disease has shown promising results. However, it has possible deleterious effects including pathological fractures, neuritis, and radiation-
related sarcomas|[8]. Therefore, how to further reduce the local recurrence rate is still a difficult problem.

Denosumab, a novel human monoclonal antibody that specifically inhibits receptor activator for nuclear factor-kB ligand (RANKL), can reduce
the osteoclast-induced bone resorption[15]. The patients with surgically unsalvageable tumors, such as sacral or spinal GCTB, or multiple
lesions, including pulmonary metastases were reported to have good response to denosumab treatment [16]. The drug shows good disease
control and long-term safety [17]. Till now, few studies have investigated the effects of neoadjuvant and adjuvant denosumab therapy on SGCT
management[18]. We hypothesize that preoperative use of denosumab can reduce the surgical difficulty for nerve-sparing procedure and
postoperative use of denosumab can improve prognosis in SGCT patients.

In this retrospective study, we report our experience on 31 patients of managing SGCT by surgery with respective adjuvant therapies including
SAE plus radiotherapy and SAE plus denosumab. The aim of this study is to compare the effectiveness (local recurrence; metastasis) and
efficiency (blood loss; operation time) of these adjuvant therapies.

Patients And Methods
Patients

This retrospective study was approved by Institutional Review Board of the Xijing hospital and carried out in accordance with the relevant
guidelines and regulations. All cases were from clinical database of our center. The inclusion criteria included: (1) histological diagnosis; (2)
primary surgery underwent in our department; (3) no evidence of metastasis; (4) clinical features and follow-up data were precisely recorded. A
total of 31 patients with previously untreated, histologically confirmed SGCT were enrolled between January 2008 and December 2018. All
patients had a minimum 2-year follow-up. The demographic and clinical characteristics of all patients are detailed in Table 1. The patients
comprised 14 males and 17 females. The median age of the patients was 36 years, ranging from 15 to 54 years. They were divided into two
groups according to treatments, Group A (n=13): surgery with SAE and postoperative radiotherapy; Group B (n=18): surgery with one arterial
embolization and denosumab.

Surgery and Adjuvant Therapies

Page 2/12



In group A, the patients received SAE before surgery. The feeder arteries were identified by selective angiography and arterial embolization was
performed. Thereafter, the patient underwent further angiography at 2-3 intervals with embolization of any new major vessels. Usually a total of
3-4 embolization was needed in each patient. Then, the patients were treated with curettage and postoperative radiation (total dose: 40-50Gy).

Considering the significant role in treating GCTB, denosumab was used as neoadjuvant and adjuvant therapy to treat SGCT in group B. The
denosumab (120mg) was administrated on day 1, 8, and 15 before operation. Then, the patients received selective angiography. The
vascularization of tumor lesion was not rich in most cases after denosumab treatment. One arterial embolization was performed to block the
residual vessels. Thereafter, the patient underwent surgery within the third week and postoperative radiotherapy was not needed. The
subcutaneous denosumab (120mg) was given every 4 weeks till 2 years. Thereafter, the denosumab treatment was ceased. The patients
should take daily supplements of calcium (>500 mg) and vitamin D (>400 IU)throughout the treatment course.

The surgical procedure consisted of intralesional excision and curettage. The excision was performed on tumor portion that was distally
located (below S3) in sacrum. For the tumor portion involving S3 or above, patients underwent intralesional curettage. The tumor lesion was
carefully peeled from sacral nerves. The nerve roots were identified and preserved as much as possible. No other adjuvant such as high-speed
bur, bisphosphonate cement, phenol, etc. was used intraoperatively. After removal of tumor tissue, the remaining spinopelvic stability was
intraoperatively assessed. If at least the cephalad, 50% of sacroiliac joints were bilaterally preserved, no reconstruction was needed. Otherwise,
the posterior fixation by pedicle screws combined with iliac screws was performed.

Follow-up and Evaluation

The patients were examined every 3 months for the first 2 years, then every 6 months between 2 and 5 years, and annually thereafter. The
radiography, Computerized TomographylCTN, and Magnetic Resonance Imaging (MRI of the sacrum were performed to detect local
recurrence. Chest CT was also required to detect metastasis. The bowel, bladder, and motor function were assessed at 12 months
postoperatively according to the scoring method reported by Biagini et al[19].This scoring system has three items: bladder function, bowel
function, and motor function. Each item is allocated 0 to 2 points according to the degree of functional impairment with 2 indicating poor and 0
indicating excellent functional result.

Statistical Analysis

The data analysis was performed with SPSS software (version 17.0; IBM Corp., Armonk, NY). The operating duration, intraoperative blood loss,
and neurologic function score were compared among groups by One-way ANOVA. The recurrence rates between groups were compared by Chi-
squared test. The disease-free survival rate was estimated by Kaplan-Meier survival analysis. The P value<0.05 was considered significant.

Results

Operation Time and Blood Loss

In group B, the mean operation time and blood loss were 231+49min and 3167+856mL respectively, which were significantly less than those of
group A (283+41min, p=0.002; 5054+689mL, p<0.001) (Fig.1).

Follow-Up Results

The average follow-up time was 68.5 months, ranging from 24 to 131 months. All patients were alive at the final follow-up. After primary
surgery, four out of 13 patients had local recurrence in group A and 2 out of 18 in group B. The recurrent patients underwent repeat curettage
after SAE treatment. Then, the radiotherapy or denosumab was required to control recurrence. At the latest follow-up, there was no repeat
recurrence. There was no metastatic patient in current study. The mean time to first recurrence was 17.6 months ranging from 12 to 24 months.
The recurrence rate of group B (11.2%) was much lower than that of group A (30.7%) although there was no significant difference (p=0.17). The
neurologic function scores were 0.46+0.52 and 0.50+0.51 in group A and B, respectively. There was no significant difference between groups.
Disease-free survival was estimated according to the Kaplan-Meier method. There was no significant difference between group A and B
(p=0.133, Fig. 2).

Complications included infection and wound dehiscence. After surgery, 6 cases received wound debridement because of wound dehiscence.
Internal fixation was removed in one patient due to deep infection. The ONJ was not observed in denosumab treatment group.

Typical cases

Case#9: A 36-year-old female presented with severe pain in her right buttock for 6 months. Radiograph and MRI revealed a massive tumor
involving sacrum 1-3, which extended into extraosseous soft tissue. The histological diagnosis was SGCT. SAE was performed for 3 sessions
with 3-week interval until tumor’s vascularity disappeared. After completion of the 3rd embolization, the buttock pain resolved significantly.
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Then, the meticulous curettage was performed and intraoperative blood loss was 5500mL (Fig.3). The spinopelvic stability was reconstructed
by posterior fixation using pedicle screws and iliac screws. The post-operative pathology revealed the partial response to SAE treatment. The
giant cell number wasn't significantly reduced (Fig. 3G, 3H). The postoperative radiotherapy (total dose: 45Gy) was also needed. Aided by these
multimodality treatments, the patient recovered successfully and was free from disease.

Case#23: A 22-year-old female presented with fast progress of sacrococcygeal pain and dyschezia for 3weeks. A large mass with cortical
destruction was shown in MRI and X-ray. Both arterial embolization and denosumab were used to control tumor progress and relieve
symptoms. Three doses of denosumab (120mg per dose) were administrated on day 1, 8, and 15 before operation. Then, the patients received
selective angiography. The image showed there was no rich vascularization in tumor lesion. One arterial embolization was performed to block
the residual blood supply within tumor (Fig.4). Thereafter, intralesional curettage was performed and intraoperative blood loss was 2200mL.
The postoperative pathological slides demonstrated significant response to denosumab which was indicated by paucity of giant cells and
abundant production of fibro-osseous tissue (Fig.4G, 4H). The patient received postoperative denosumab treatment and had satisfactory
recovery at final follow-up.

Discussion

In group A, SAE was used as preoperative treatment for SGCT in this study. It could relieve pain by ossification in tumor. However, no obvious
evidence indicated it could decrease the tumor size [12, 20]. Denosumab could inhibit RANK—RANKL interactions and prevent GCTB-induced
bone destruction. Recently, it has played a significant role in treating unsalvageable GCTB [15]. The tumor's metabolic activity, blood supply,
and volume was reported to decrease after preoperative use of denosumab [21]. A nonrandomized controlled study of SGCT with preoperative
denosumab treatment indicated that intraoperative blood loss was significantly reduced [22].

In current study, the operation time and blood loss of Group B (curettage + one arterial embolization + denosumab) were significantly less than
those of Group A. The effects of denosumab were consistent with previous reports [21, 23]. The preoperative use of denosumab could reduce
tumor’s blood supply [20], which was demonstrated by angiography in current study. It was speculated that denosumab had inhibitory effect on
endothelial growth factor, thus decreased endothelial proliferation[24]. The decreased blood supply was helpful to acquire clearly visible
operation field, which facilitated the meticulous curettage[25]. However, the span of preoperative denosumab treatment is of great importance.
In present study, we followed the protocol reported by Chawla et al [26]. The patients underwent surgeries within the third week after
denosumab (120 mg) administration on day 1, 8, and 15 before operation. The literature indicated that overlong pretreatment could increase
the bony septa and form the dense fibrous tissue adhered to sacral nerves. It was difficult to separate the nerves from tumor [9].

Very few studies have been published regarding histopathologic changes in post-denosumab treated tumor specimens. In present study, the
pre-operative biopsy showed multinucleated giant cells with uniform vesicular nucleus and mononuclear cells with spindle shape[27, 28]. The
post-operative histology of specimens showed the giant cell numbers decreased significantly and cells nearly disappeared in 9 cases.
Meanwhile, the osteoblast-like cells appeared and produced a large amount of fibro-osseous tissue (Fig. 4G, 4H). Rekhi et al [29] reported the
similar results. Twenty-seven post denosumab-treated tumors were analyzed. They observed complete absence of giant cells in 15 cases and
marked reduction (more than 90%) of giant cells in 9 cases. Compared with our results, their specimens showed more reduction or elimination
of RANK-positive tumor giant cells. The reason maybe that most patients (16) (59.2%) received 6 doses of denosumab in their study. Only 3
doses were used in our study considering the feasibility of performing curettage to avoid dense fibrous adhesion.

The reported recurrence, metastasis, and complications of SGCT patients were summarized in Table 2. Local recurrence was reported to occur
in 10-66.7% of patients. The effects of SAE and radiotherapy on recurrence control are controversial. Ruggieri et al [30] reported 31 SGCT
patients and three (10%) had local recurrence within 34 months from initial treatment. Survival to local recurrence with and without radiation
was 91% and 89%, with and without embolization was 91% and 86% respectively. Adjuvants had no influence on local recurrence. Domovitov et
al. [18] reported 24 SGCT patients and local recurrence rate was 30%. Radiation and preoperative embolization were associated with prolonged
disease-free survival. There was no local recurrence among the 11 patients who were treated with both modalities. Regarding to the effect of
denosumab, Yang et al.[22] reported that six patients received preoperative denosumab treatment for 5.2 months. After 12 months of follow-up,
the recurrence rate was relatively high (66.7%). The authors thought the newly formed bone induced by denosumab raised a new surgical
challenge by not allowing surgeon to delineate the true extent of tumor. The tumor cells might hide within the new osseous matrix. In present
study, the recurrence in denosumab treatment group was 2 in 18 cases (11.1%), which was much lower than that of group A. The results were
similar to the data reported by Chen et al. [21]. This rate was lower than most rates previously reported by using other adjuvant therapies [31~
33]. Recently, Lim et al. [34] evaluated therapeutic benefits of denosumab on nerve-sparing surgery in SGCT. They reported the similar local
recurrence rate (3/17,17.6%) in neo- and adjuvant denosumab group. In addition to correlating their results, this study indicated neo-adjuvant
denosumab treatment could decrease the tumor’s blood supply and thereby reduce the number of arterial embolization. The low recurrence rate
in current study could be explained by aggressive curettage performed in clearly visible operation field due to the decrement of tumor’s blood
supply after denosumab treatment.
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At the present time, it is important to confirm whether the treatment with denosumab can be safely maintained in the long term. Chawla et al
[26] investigated 532 patients with the median follow-up of 58.1 months in a multicenter, open-label, phase 2 study. Patients received 120 mg
subcutaneous denosumab once every 4 weeks during the treatment phase. The most common adverse events were hypophosphataemia (24,
5%) and ONJ (17, 3%). However, no case of hypophosphataemia and ONJ was observed in our study. The reasons might lie in: 1) Patients with
a history or current evidence of osteonecrosis or osteomyelitis of the jaw were excluded; 2) The included patients were told to avoid oral
operation during the period of denosumab treatment; 3) Patients took daily supplements of calcium (> 500 mg) and vitamin D (>400 IU) to
prevent hypocalcemia. Another severe complication is sarcomatous transformation. The first case with sarcomatous transformation after
denosumab treatment was reported by Aponte-Tinao et al in 2015[35]. Thereafter, other studies also reported such complication with the
frequency ranging from 1-2% [16, 26, 36]. Although there is no clear association between malignancy and denosumab treatment, these
findings suggest radiological and pathological examinations should monitor the sarcomatous change. There was no patient with sarcomatous
transformation in our study, which might be attributed to the small sample size.

The authors acknowledge several limitations in present study. Firstly, this is the retrospective study, which might induce information bias
despite being one of the large series on the denosumab treatment SGCT; Secondly, perhaps given the relatively small sample size, we found no
significant difference in recurrence rate between group A (surgery + SAE + radiotherapy) and B (surgery + onearterial embolization +
denosumab), although the latter was much lower. Larger studies might determine that denosumab has statistically significant influence on
recurrence; Thirdly, the confounding variables such as the volume, size, location, and aggressiveness of the tumors could not be controlled
among groups, these factors might weaken the accuracy of the statistical analysis to some extent.

Conclusions

There have been some clinical studies which reported oncologic results of GCT after denosumab treatment, but few focuses on SGCT.
Although our study has limited power owing to small numbers and uncontrolled variables, the data still suggest the curettage with one arterial
embolization and denosumab can reduce the intra-operative blood loss, shorten the operation time, and decrease the recurrence rate. The use
of denosumab in patients with SGCT shows good safety and long-term disease control.

Abbreviation

SGCT, sacral giant cell tumor; GCTB, Giant cell tumor of bone; SAE, serial arterial embolization; RANKL, nuclear factor-kB ligand; CT,
Computerized Tomography; MRI, Magnetic Resonance Imaging.
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Table 1

Demographic and clinical data of SGCT patients.

Patient.

No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

(AE: arterial embolization, group A received serial AE, group B received one AE; R.T.: radiotherapy.)

Group

W W W W W W W W W w W W W w w w w w > > > > > > > > > > > > >

Age(yr)/Gender

27/M
20/F
54/F
24/M
26/F
28/F
19/M
42/F
36/F
43/F
50/F
47/F
45/M
34/M
48/F
36/F
32/M
38/M
46/M
30/M
53/F
49/F
22/F
27/F
28/M
52/F
48/M
44/M
37/M
19/M
15/F

Denosumab AE

él;;c)e/ Post
N/N
N/N
N/N
N/N
N/N
N/N
N/N
N/N
N/N
N/N
N/N
N/N
N/N
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y
Y/Y

< < < < < < < < < < < < < < < < < < < < < < < < < < < < < <

Y

RT.  Op.

Time

Post

zZ z Zz2 Zz2 Zz2 Z Zz2 Z2 Z2 Zz Z2 Z2 zZz Zz2z Zz2 zZz Z2 < < <X < < << < < < < < < <

N

p.)  (mins)

320
330
230
250
310
350
265
285
230
240
300
320
250
315
240
250
200
280
280
175
215
240
160
265
170
210
190
235
330
190
220

Blood
loss

(mL)
3700
4200
6000
4500
5000
4800
5200
5400
5500
5400
6000
5500
4500
3800
4000
4000
3500
4300
3800
2450
3500
4000
2200
3500
2000
2250
1800
4000
3400
2300
2200

Follow-
up

(mo)
9%
99
84
88
81
82
90
131
122
122
115
114
92
61
66
67
51
28
42
55
44
68
30
60
37
40
24
31
50
26
28

Neurologic
Function
score

o o

- O o

o o

Recurrence

(mo)

Y(12)
N
N
N
Y(15)
Y(18)

Y(18)

zZ Z2 Z Z2Z Z Z Z Z Z Z Z Z Z

<
~—~
N
N

)

Metastasis

(mo)

zZ Z2 Z2Z Z2Z Z Z Z Z Z2Z Z Z Z Z Z Z2Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
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Table 2

IComparison of tumor control and complications of SGCT patients.

Ruggieri et
al.
[30]/2010

Martin et al.

[31]/2010

van der
Heijden L et
|

al.
[321/2014

Domovitov
etal.[18]/
2016

Jamshidi K
etal.[33]/
2017

Chen et al.
[21]/ 2018

Yang et al.
[22]/2018

Lim et al.
[34]/2020

Current
study

Patients

31

26

24

19

20

10

10

36

9
17
13

18

Deno.
pre-
p)

N

Deno. AE/Aorta
gmst- balloon
P)

N Y
N Y

N 19

(73.1%)

N 16 (67%)
N N

Y Y

N Y

N Y

N Y

N Y

Y Y

Y Y

N Y

Y Y

RT

14

FU

(mo)
109(36—
276)
24.3(0-
84)

98 (6-229)

87 (2-288)

158 (25—
36)

18.3 (3-
36)

12 (7-18)
35.3 (16~
31)

47.7 (12-
91)

101.2(81-
131)

44.9(24-
68)

Recur.

3 (10%)

2
(33.3%)

14
(53.8%)
7 (30%)

8
(42.1%)

~w

15.0%)
(30%)

e W

6.7%)

o

12
(33.3%)

2(22.2%)
3(17.6%)

4
(30.7%)

2
(11.1%)

Meta.

0

4
(15.4%)

2 (8%)

2(3.2%)

(Deno: denosumab; AE: arterial embolization; FU: follow up; Recur: recurrence; Met: metastasis)

Complication

Wound dehiscence (8); life-
threatening massive bleeding (7);
neurologic deficit

NR

Infection (3); permanent neuropraxia
(3); hardware failure (1); radiation-
induced sarcoma (1); radiation-
induced menopause (1); delayed
wound healing (1); pubic fracture (1)
Completely lost bladder and/or bowel
function (3); Infection (7); Sacrum
fracture

Infection (5); sensory, motor
disturbance, or incontinence(11)

NR

NR
NR

NR

Infection (9); delayed wound healing
(11); thrombosis (4); rectal injury (1);
internal iliac injury (1)

Infection (1);wound dehiscence (6)

Figures
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Figure 1

Comparison of intraoperative blood loss (A) and operationtime (B) between groups. (*p <0.05 by one-way ANOVA).(SAE: serial arterial
embolization)
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Figure 2

Kaplan-Meier curve of disease-free survival of patients with SGCT in group A and B. (SGCT: sacrum giant cell tumor).
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Figure 3

Sagittal MRI (A: T1-weighted; B: T2-weighted) and X-ray (C) showed a large sacral mass with cortical destruction involving S1-3.
Angiographyimage (D) demonstrated the vascularization of the lesion. Postoperativeradiography showed the reconstruction (E-F). The
histology indicated that the giant cell number was not significantly reduced before (G) and after SAE treatment (H).
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Figure 4

(A-H) A 22-year-old female with SGCT (involving S1-3 vertebral). Initial MRI scan (A) and radiograph (B, C)demonstrated the tumor lesion.
Angiography (D) showed almost non-vascularization of tumor after preoperative denosumab treatment.Postoperativeradiography showed the
reconstruction(E-F). The postoperative histology demonstrated the paucity of giant cells and abundant production of fibro-osseous tissue (H)
compared to typical GCT histology before denosumab treatment (G).

Page 12/12



