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Simple Summary: Spine giant cell tumors (SGCTs) are intermediate malignant bone tumors, some-
times aggressive and responsible for debilitating axial pain and sensorimotor impairments. Non-
surgical therapies, including denosumab, radiotherapy, and selective arterial embolization (SAE),
have shown promising results in the treatment of patients with inoperable SGCTs. In this systematic
review, we aimed to comprehensively analyze the current literature on denosumab, radiotherapy,
and SAE for inoperable SGCTs, comparing treatment outcomes and complications using a random-
effect model meta-analysis. We found that all three treatments were equally effective in providing
symptom improvement and radiological tumor response, also showing low and comparable rates
of treatment-related complications. Patients treated with denosumab showed lower rates of local
recurrences and distant metastases.

Abstract: Background: Surgical resection remains the preferred treatment in spine giant cell tumors
(SGCTs), but it is not always feasible. Conservative strategies have been studied for inoperable
cases. We systematically reviewed the literature on inoperable SGCTs treated with denosumab,
radiotherapy or selective arterial embolization (SAE). Methods: PubMed, Scopus, Web-of-Science,
Ovid-EMBASE, and Cochrane were searched following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines to include studies of inoperable SGCTs treated
with denosumab, radiotherapy or SAE. Treatment outcomes were analyzed and compared with a
random-effect model meta-analysis. Results: Among the 17 studies included, 128 patients received
denosumab, 59 radiotherapy, and 43 SAE. No significant differences in baseline patient characteristics
were found between the three groups. All strategies were equally effective in providing symptom
improvement (p = 0.187, I2 = 0%) and reduction in tumor volume (p = 0.738, I2 = 56.8%). Rates of
treatment-related complications were low (denosumab: 12.5%; radiotherapy: 8.5%; SAE: 18.6%) and
comparable (p = 0.311, I2 = 0%). Patients receiving denosumab had significantly lower rates of local
tumor recurrence (10.9%) and distant metastases (0%) compared to patients receiving radiotherapy
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(30.5%; 8.5%) or SAE (35.6%; 7%) (p = 0.003, I2 = 32%; p = 0.002, I2 = 47%). Denosumab was also
correlated with significantly higher overall survival rates at 18 months (99.2%) and 24 months (99.2%)
compared to radiotherapy (91.5%; 89.6%) and SAE (92.5%; 89.4%) (p = 0.019, I2 = 8%; p = 0.004,
I2 = 23%). Mortality was higher in patients receiving SAE (20.9%) or radiotherapy (13.6%) compared
to denosumab (0.8%) (p < 0.001), but deaths mostly occurred for unrelated diseases. Conclusions:
Denosumab, radiotherapy, and SAE are safe and effective for inoperable SGCTs. Clinical and
radiological outcomes are mostly comparable, but denosumab may provide superior tumor control.

Keywords: denosumab; embolization; giant cell tumor; radiotherapy; spine oncology

1. Introduction

Spine giant cell tumors (SGCTs) account for approximately 3% of all giant cell tumors
of the bones (GCTBs), with a higher incidence in female patients aged 20–40 years [1,2].
Recently defined as intermediate malignant bone tumors, they are characterized by a oste-
olytic and locally aggressive nature, and commonly metastasize to the lungs [3]. Surgical
en-bloc resection and intralesional curettage remain the treatments of choice, but the high
rates of recurrence and postoperative functional sequelae pose serious limitations [4,5]. In
addition, some patients with significant tumor burden or poor clinical status may be not
eligible for surgery [6,7].

Non-surgical therapies have been investigated for inoperable SGCTs, with the goal
of reducing morbidity while achieving comparable functional outcomes [6]. Due to the
high radiosensitivity of SGCTs, locoregional radiotherapy has shown promising results in
determining long-term local tumor control with minimal adverse events [8,9]. Selective
arterial embolization (SAE) also proved to be effective in relieving pain, stabilizing lesions,
and improving survival by causing tumor shrinkage and/or ossification, owing to the high
vascularity of SGCTs [10,11]. More recently, denosumab has been approved for treating
unresectable SGCTs, following its inhibitory activity against osteoclast activation and bone
destruction, which often leads to favorable clinical and radiological outcomes [12–14].

Despite the promising role of such nonoperative options, no treatment guidelines have
been defined for inoperable SGCTs [5,7]. Each strategy carries some risks of complications,
and few negative prognostic factors have been identified. Only a few studies directly
compared such strategies, reporting contradictory results [15]. In this study, we system-
atically reviewed the literature to assess the differences in clinical outcomes, radiological
responses, tumor control, and survival between denosumab, radiotherapy, and SAE for
treating patients with inoperable SGCTs.

2. Materials and Methods
2.1. Literature Search

A systematic review was conducted using the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [16] and registered to PROSPERO
(ID: 303155). PubMed, EMBASE, Scopus, Web-of-Science, and Cochrane were searched
from database inception to 30 August 2021, operating the Boolean full-text search (giant cell
tumor AND (sacral OR vertebral OR spine OR spinal) AND (radiotherapy OR embolization
OR denosumab)). Obtained studies were exported to Mendeley, and duplicates deleted.

2.2. Study Selection

A priori inclusion and exclusion criteria were determined. Articles were included if
they: (1) included ≥4 patients receiving denosumab or locoregional radiotherapy or SAE
for histologically confirmed SGCTs, namely involving mobile spine and/or the sacrum, not
eligible to undergo surgical resection; (2) reported data on treatment outcomes and follow-
up times; (3) were written in English. Inoperable SGCTs have been included as defined
by the authors, namely cases not eligible to undergo surgery owing to the poor functional
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status of affected patients and/or inaccessible surgical access for tumor removal. Studies
were excluded if they: (1) were literature reviews, technical notes, cadaver studies or animal
studies; (2) involved patients receiving denosumab, radiotherapy or SAE as neoadjuvant or
adjuvant strategies in surgical planning; (3) lacked data on treatment outcomes.

Two reviewers (K.B. and P.P.) independently screened all titles and abstracts and then
assessed full texts of articles that met the inclusion criteria. Disagreements were settled by
a third reviewer (A.S.H.). Eligible papers were included, and references were screened to
identify additional pertinent studies.

2.3. Data Extraction

One reviewer (A.C.) extracted data from each article, then confirmed independently
by two additional reviewers (P.P. and N.S.S.). Missing data were not reported by the
authors. Data included: author, study design, sample size, patients’ age and gender,
tumor location, primary vs recurrence, prior non-surgical treatments for recurrent tumors,
presenting symptoms, treatment strategies (denosumab vs radiotherapy vs SAE), adverse
events, post-treatment clinical and radiological responses, SGCT local recurrence, distant
metastases, follow-up, progression-free survival (PFS), overall survival (OS), survival status.
Post-treatment symptom improvement (i.e., pain relief) and radiological responses were
evaluated at 6 months or at last available follow-up. Radiological responses were assessed
based on post-treatment changes in SGCT volumes as reported by the authors, denoting
positive responses in patients with reduction in tumor size and negative responses in
patients with no change or an increase in tumor size [17].

2.4. Data Synthesis and Quality Assessment

The primary outcomes of interest were clinical outcomes, radiological responses, tumor
control, and survival based on treatment strategies. For each article, two independent
authors (P.P. and N.S.S.) appraised the level of evidence using the 2011 Oxford Centre For
Evidence-Based Medicine guidelines, and the risk of bias by applying the Joanna Briggs
Institute checklists for case series and clinical trials [18–20].

2.5. Statistical Analysis

Statistical analyses were performed using STATA 17.0 (StataCorp LLC, College Sta-
tion, TX, USA), and two-tailed p-values < 0.05 were considered statistically significant.
Continuous variables are presented as medians and ranges, and categorical variables as
percentages. Chi-square contingency analyses and ANOVA test group comparisons were
conducted to test differences between treatment groups in categorical and continuous
variables, respectively. Indirect meta-analyses were performed for post-treatment symp-
tom improvement, radiological responses, treatment-related severe complications, local
recurrence, distant metastases, and OS rates at 6-12-18-24 months. Outcomes were re-
ported with pooled proportions of events (effect size, ES), and confidence intervals (CI)
were estimated with the Wilson score method, both presented in forest plots [21]. The
Freeman–Tukey transformation was performed to include studies with 0 or 1 event rates
and stabilize variance [22]. The DerSimonian and Laird approach for random-effect models
was used to account for high between-study variability [23]. Heterogeneity was assessed
with the Higgins I-square (I2) and considered significant for I2 > 75% [24]. Publication bias
was evaluated with generated funnel plots, which were examined for any evident visual
asymmetry [25].

3. Results
3.1. Study Selection

Figure 1 illustrates the flow diagram of the study selection. The initial search yielded
938 studies (PubMed: 318, Scopus: 359, Web of Science: 240, Ovid-EMBASE: 20, Cochrane: 1),
of which 16 case series and 1 open-label trial were included and categorized respectively as
levels IV and IIb of evidence (Supplementary File S1) [9,11,12,14,26–38]. Quality assessment
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returned low risk of bias for all included studies (Supplementary File S2). Publication bias
was excluded, as no evident visual asymmetry could be ascertained from the generated
funnel plots (Supplementary File S3).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020
Flow-Diagram.

3.2. Demographics and Clinical Characteristics

A total of 230 patients diagnosed with single, biopsy-proven, and not previously
resected SGCT were analyzed and grouped based on treatments: 128 (55.6%) received deno-
sumab, 59 (25.7%) locoregional radiotherapy, and 43 (18.7%) SAE (Table 1). No significant
differences in demographics and clinical features were found between the three groups,
but SAE was only performed in patients with lumbar and sacral SGCTs (Table 2). Overall,
median age was 34.5 years (range, 8–83) with a female prevalence (66.5%). Among the
three groups, patients undergoing SAE were younger (median age 29.5 years), and patients
receiving denosumab were older (median age 37.5 years). Most patients were treated
for primary tumors (63.5%), while 84 patients (36.5%) had recurrent tumors previously
managed nonoperatively with systemic chemotherapy. SCGTs were mostly located in the
sacrum (64.8%), thoracic (14.3%), and cervical (11.3%) spine. All patients complained of
locoregional pain related to tumor position, and 11 (8.9%) experienced motor impairments
following spinal cord and/or nerve compression.
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Table 1. Summary of clinical features, management, and treatment outcomes of all pooled patients.

Characteristics Value
Cohort size (no.) 230

Demographics
Age (years), median (range) 34.5, 8–83

Gender (female) 153 (66.5%)
Type Tumor

Primary 146 (63.5%)
Recurrent 84 (36.5%)

Tumor Location
Cervical 26 (11.3%)

Cervical-Thoracic 1 (0.4%)
Thoracic 33 (14.3%)

Thoraco-Lumbar 2 (0.9%)
Lumbar 16 (7%)

Lumbo-Sacral 3 (1.3%)
Sacral 149 (64.8%)

Treatment Characteristics
Denosumab 128 (55.7%)

Dose 120 mg/monthly
Duration of treatment (months), median (range) 64 (0.5–102)

Radiotherapy 59 (25.7%)
Photon therapy 52 (88.1%)
Proton therapy 7 (11.9%)

Dose (Gy), median (range) 45 (10.8–65)
Selective Arterial Embolization 43 (18.7%)

Gelfoam + Steel Coil 39 (90.7%)
Superabsorbant polymer microsphere (SAP-MS) 4 (9.3%)

Number of procedures per-patient, median (range) 4 (1–10)
Severe Complications 29 (12.6%)

Osteonecrosis mandible 10 (4.3%)
Neuropathy 6 (2.6%)

Malignant transformation 4 (1.7%)
Skin/soft tissue disorders 3 (1.3%)

Severe sacral pain 2 (0.9%)
Spine instability 2 (0.9%)
Femur fracture 1 (0.4%)

Severe hypercalcemia 1 (0.4%)
Clinical-Radiological outcomes

Symptom improvement 188 (81.7%)
Positive radiological response 143 (62.2%)

Tumor Control
Local recurrence 43 (18.7%)
Distal metastases 8 (3.5%)

Lung 6 (2.6%)
Bone 1 (0.4%)

Soft tissue 1 (0.4%)
Survival outcomes

Follow-up (months), median (range) 69.3 (0.3–351)
Progression-free survival (months), median (range) 12.3 (0.3–133)

Overall survival (months), median (range) 69.3 (0.3–351)
At 6-months 99.1%
At 12-months 98.2%
At 18-months 95.9%
At 24-months 94.9%

Status
Alive 212 (92.2%)
Dead 18 (7.8%)
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Table 2. Summary and comparisons of all pooled patients grouped by treatment cohort.

Characteristics Denosumab Radiotherapy SAE p-Value

Cohort size (no.) 128 59 43

Demographics

Age (years), median (range) 37.5 (12–83) 31.5 (8–77) 29.5 (15–68) 0.082 *
Gender (female) 83 (64.8%) 37 (62.7%) 33 (76.7%) 0.277 ˆ
Type of Tumor 0.220 ˆ

Primary 77 (60.1%) 43 (72.9%) 26 (60.5%)
Recurrent 51 (39.9%) 16 (27.1%) 17 (39.5%)

Tumor Location 0.078 ˆ

Cervical 17 (13.3%) 9 (15.2%) 0 (0%)
Cervical-Thoracic 0 (0%) 1 (1.7%) 0 (0%)

Thoracic 19 (14.8%) 14 (28.6%) 0 (0%)
Thoraco-Lumbar 2 (1.6%) 0 (0%) 0 (0%)

Lumbar 10 (7.8%) 5 (8.5%) 1 (2.3%)
Lumbo-Sacral 0 (0%) 1 (1.7%) 2 (4.7%)

Sacral 80 (62.5%) 29 (49.2%) 40 (93%)
Severe Complications

Total 16 (12.5%) 5 (8.5%) 8 (18.6%) 0.313 ˆ
Osteonecrosis mandible 10 (7.8%) 0 (0%) 0 (0%)

Neuropathy 0 (0%) 0 (0%) 6 (14%)
Malignancy transformation 4 (3.1%) 0 (0%) 0 (0%)
Skin/soft tissue disorders 0 (0%) 3 (5.1%) 0 (0%)

Severe sacral pain 0 (0%) 2 (3.4%) 0 (0%)
Spine instability 0 (0%) 0 (0%) 2 (4.7%)
Femur fracture 1 (0.8%) 0 (0%) 0 (0%)

Severe hypercalcemia 1 (0.8%) 0 (0%) 0 (0%)
Clinical-Radiological Outcomes

Symptom improvement 109 (85.2%) 44 (74.6%) 35 (81.4%) 0.219 ˆ
Radiological tumor response 72 (56.3%) 40 (67.8%) 31 (72%) 0.105 ˆ

Tumor Control

Local recurrence 14 (10.9%) 18 (30.5%) 11 (25.6%) 0.002 ˆ
Distant metastases 0 (0%) 5 (8.5%) 3 (7%) 0.021 ˆ
Survival Outcomes

Follow-up (months) 66.9 (4–102) 69.2 (1–351) 76.5 (0.3–277) <0.001 *
PFS (months), median (range) 12 (2–15) 11.5 (5–72) 14 (0.3–133) 0.141 *
OS (months), median (range) 66.9 (4–102 69.2 (1–351) 76.5 (0.3–277) <0.001 *

At 6-months 100% 98.3% 97.6% 0.706 ˆ
At 12-months 100% 94.9% 97.6% 0.186 ˆ
At 18-months 99.2% 91.5% 92.5% 0.023 ˆ
At 24-months 99.2% 89.6% 89.4% 0.006 ˆ

Status <0.001 ˆ

Alive 127 (99.2%) 51 (86.4%) 34 (79.1%)
Dead 1 (0.8%) 8 (13.6%) 9 (20.9%)

* ANOVA test; ˆ Chi-square test. p < 0.05 set for statistical significance. Bold for significant differences. Abbreviations:
N/A, Not applicable; OS, Overall survival; PFS, Progression free survival; SAE, Selective arterial embolization.

3.3. Management Strategies and Treatment Outcomes

In the denosumab cohort, patients completed monthly cycles of denosumab at the
dosage of 120 mg for a median of 64.5 months (range, 5–102). In the radiotherapy cohort, all
patients received photon locoregional radiation with a median maximal dose of 45Gy (range,
10.8–65) in a median of 21 fractions (range, 6–34). Schwartz et al. [28] reported one patient
with a C1 tumor receiving a course of locoregional proton-therapy at 56 Gy following prior
photon-therapy at 36Gy. In the SAE cohort, patients underwent selective embolization of
the paraspinal arteries feeding the tumors with a median of 4 procedures (range, 1–10)
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per patient. All procedures were performed through a femoral access, mostly using steel
coils and gelfoam particles as embolization means. Nakanishi et al. [36] described the use of
superabsorbant polymer microspheres (SAP-MS), which are spherical permanent embolic
materials, for SAE procedures in 4 patients with sacral SGCTs.

3.4. Treatment Outcomes and Survival

Median follow-up time was 69.3 months (range, 0.3–351), significantly longer in
patients undergoing SAE (76.5 months; p < 0.001) (Table 2). At last follow-up, symptom
improvement was described in 81.7% patients and positive radiological response in 62.2%,
with no significant differences based on treatment (p = 0.219 and p = 0.105, respectively). A
total of 29 patients (12.6%) experienced severe treatment-related adverse events, with no
significant between-group differences (p = 0.313): 16 patients (12.5%) in the denosumab
cohort, 5 (8.5%) in the radiotherapy cohort), and 8 (18.6%) in the SAE cohort. Denosumab
mostly correlated with mandible osteoradionecrosis (7.8%) and malignancy transformation
(3.1%), radiotherapy with skin/soft tissue disorders (5.1%) and severe sacral pain (3.4%),
and SAE with focal neuropathy (14%) and spine instability (4.7%). Favorable rates of local
and distant tumor control were reported among all treatment groups, with a median PFS
of 12.3 months (range, 0.3–133): 43 patients (18.7%) had local recurrence and 8 (3.5%) had
distant metastases. Overall, patients receiving denosumab had significantly lower rates of
local recurrence (10.9%; p = 0.002) and distant metastases (0%; p = 0.021), but no differences
in PFS were noted (p = 0.141). Median OS was 69.3 months (range, 0.3–351), significantly
longer in patients undergoing SAE (p < 0.001). Survival rates were significantly superior
in the denosumab cohort (99.2%) (p < 0.001), which was also correlated with significantly
higher OS rates at 18 months (99.2%, p = 0.023) and 24 months (99.2%, p = 0.006). Deaths
occurred in 18 patients (7.8%) for underlying conditions unrelated to their SGCTs diagnosis,
mostly including old age, and cardiovascular and respiratory diseases.

3.5. Meta-Analysis: Comparison of Post-Treatment Outcomes Rates

The results of all indirect comparisons between denosumab, radiotherapy, and SAE
are summarized in Table 3 and displayed as combined forest plots in Figure 2 (individual
forest plots can be found in Supplementary File S4). There were no significant differ-
ences in post-treatment symptom improvement (p = 0.279, I2 = 0%), positive radiological
responses (p = 0.738, I2 = 56.8%), and severe complications (p = 0.311, I2 = 0%) between
the three groups. Rates of local recurrence (p = 0.003; I2 = 32%) and distant metastases
(p = 0.002; I2 = 47%) were significantly lower in patients receiving denosumab (ES:0.08,
95%CI:0.03–0.14 for local recurrence; ES:0.00, 95%CI:0.00–0.00 for distant metastases) as
compared to radiotherapy (ES:0.28, 95%CI:0.16–0.42; ES: 0.06, 95%CI:0.00–0.21) and SAE
(ES:0.24, 95%CI:0.10–0.39; ES:0.04; 95%CI:0.00–0.15).

While OS rates at 6 months (p = 0.087, I2 = 0%), were comparable between the
three cohorts, OS rates at 12 months (p = 0.020, I2 = 0%), 18-months (p = 0.019, I2 = 8%),
and 24 months (p = 0.004, I2 = 23.3%) were significantly higher in denosumab (ES:1.00,
95%CI:1.00–1.00; ES:1.00, 95%CI:0.99–1.00; ES:1.00, 95%CI:0.99–1.00) as compared to radio-
therapy (ES:0.98, 95%CI:0.90–1.00; ES:0.96, 95%CI:0.87–1.00; ES:0.94, 95%CI:0.84–1.00) and
SAE (ES:1.00, 95%CI:0.93–1.00; ES:0.96, 95%CI:0.85–1.00; ES:0.94, 95%CI:0.82–1.00).
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Table 3. Summary of indirect comparisons between denosumab, radiotherapy, and selective arterial
embolization.

Post-Treatment
Outcomes Rates

Denosumab
ES (95% CI)

Radiotherapy
ES (95% CI)

SAE
ES (95% CI)

p-Value *
(I2%)

Clinical

Symptom
Improvement 0.89 (0.81–0.95) 0.79 (0.64–0.91) 0.83 (0.68–0.94) 0.279 (0%)

Positive
Radiological

Response
0.86 (0.50–1.00) 0.78 (0.59–0.63) 0.73 (0.57–0.87) 0.738 (56.8%)

Severe
Complications 0.07 (0.01–0.16) 0.07 (0.00–0.22) 0.17 (0.06–0.32) 0.311 (0%)

Tumor Control

Local Recurrence 77 (60.1%) 43 (72.9%) 26 (60.5%) 0.003 (32%)
Distant

Metastases 51 (39.9%) 16 (27.1%) 17 (39.5%) 0.002 (47%)

Overall Survival

6 Months 1.00 (1.00–1.00) 1.00 (0.94–1.00) 1.00 (0.93–1.00) 0.087 (0%)
12 Months 1.00 (1.00–1.00) 0.98 (0.90–1.00) 1.00 (0.93–1.00) 0.020 (0%)
18 Months 1.00 (0.99–1.00) 0.96 (0.87–1.00) 0.96 (0.85–1.00) 0.019 (8%)
24 Months 1.00 (0.99–1.00) 0.94 (0.84–1.00) 0.94 (0.82–1.00) 0.004 (23.3%)

* Indirect meta-analysis with random-effect modeling. p < 0.05 was considered statistically significant for all tests;
Heterogeneity I2 > 75% was considered significant. Bold for significant results. All survival data are reported
from the time of starting treatment. Abbreviations: 95% CI, 95% confidence interval; ES, effect size; SAE, selective
arterial embolization.
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4. Discussion

SGCTs are intermediate malignant bone tumors often responsible for debilitating
axial pain and neurological impairments. While surgical resection represents the current
standard treatment, less invasive strategies have been evaluated for inoperable cases [5,15].
This systematic review and meta-analysis sought to examine and compare denosumab,
locoregional radiotherapy, and SAE in treating inoperable SGCTs, noting similar efficacy in
providing favorable clinical and radiological outcomes with few treatment-related adverse
events. However, patients receiving denosumab showed significantly longer rates of tumor
control and survival.

GCTBs rarely involve the spine but may lead to important tumor burden due to
their impact on patient functional status and risk of systemic metastases. In this review,
we found that patients with SGCTs had comparable baseline characteristics regardless of
the treatment group. Demographics were similar to the general population with GCTBs,
mostly consisting of female patients in their second–fourth decades of life [5,7]. This
implies that management strategies should be carefully planned to achieve symptom relief
and disease control while preserving satisfactory long-term functional status in young
patients with SGCTs, especially owing to their overall good prognosis. Most neoplasms
involved the sacral region, likely due to their higher surgical risks compared to other spine
SGCTs, which less commonly require non-surgical planning [15]. Furthermore, cervical
and thoracic SGCTs have been reported to be even rarer entities, as we have also found
among our included studies [39]. In our pooled patients, the presence of debilitating
axial pain, often with concurrent neurological deficits, deemed necessary the pursuit
of less invasive treatments aimed at relieving symptoms while minimizing the risks of
surgical complications.

In line with other GCTBs, surgical resection and intralesional curettage constitute
the treatments of choice in patients with SGCTs [5] (Figure 3). When feasible, total en-
bloc resection is preferred because of its better local tumor control and lower recurrence
rates [40–43]. However, aggressive procedures may result in severe permanent morbidity
due to tumor proximity to critical paraspinal neurovascular structures and the risk of
causing spine instability, thus necessitating spine fixation along with causing a major
clinical burden in young patients. In particular, en-bloc resection of sacral SGCTs often
requires sacrifice of the sacral nerve roots, which may lead to major disability with bladder
and bowel dysfunction [44,45]. Intralesional curettage correlates with inferior risks of
persistent neurological deficits but may still be associated with massive and difficult-to-
control intraoperative bleeding and spine instability [4]. Hence, alternative nonoperative
treatment options have been evaluated for inoperable SGCTs aimed at achieving favorable
outcomes while minimizing the impact on patient neurological status [5,15].
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Radiotherapy has been widely debated in SGCTs owing to their moderate radiosensi-
tivity [34]. A recent systematic review reported a 100% response rate after therapeutic radio-
therapy for inoperable SGCTs, but several studies showed variable rates of tumor control
and radiation-induced complications, similarly to other GCTBs [5,8,9,30,32]. Megavoltage
radiotherapy with a median dose of 45Gy was used in all our pooled cases, as it proved
to be safer and more effective compared to orthovoltage radiotherapy for GCTBs [5,8].
Despite the lack of adequate data for SGCTs, newer intensity-modulated and stereotactic
radiation techniques should also be evaluated for SGCTs for delivering targeted doses with
lower complication risks [7].

Preoperative embolization of GCTBs may reduce the risk of intraoperative blood loss in
intralesional curettage and tumor resection, thus improving surgical outcomes [10]. Contrar-
ily, stand-alone SAE has been used for inoperable SGCTs to reduce tumor vascularity and
achieve good size control with clinical improvement. Most studies included in this review
reported planning serial embolization procedures with steel coils and gelfoam particles to
obtain optimal management [33,35]. The use of microspheres, aimed at achieving optimal
arterial occlusion in fewer SAE sessions, was initially described by Nakanishi et al. [36] in
4 hypervascular sacral SGCTs. Although the authors documented favorable outcomes in
all patients, microspheres in SGCTs have not been further validated.

Denosumab was recently approved for the management of unresectable GCTBs due
to its ability to inhibit osteoclastic-mediated bone destruction and reduce tumor blood
supply [46,47]. Preoperatively, denosumab may downstage tumor size and reduce mor-
bidity of surgical procedures; however, two systematic reviews found that neoadjuvant
denosumab increases the risk of tumor recurrence after intralesional curettage, greatly
limiting its usage [48,49]. In inoperable SGCTs, stand-alone denosumab is administered
in 120 mg/monthly doses for prolonged periods, with a median time of 64.5 months
found across our included studies. The frequent long-term courses of denosumab may
be explained by the fact that higher recurrence rates have been noted after early stop-
page of treatment, but prolonged exposure may also lead to increased risks of adverse
events [5,15,17]. Hence, accurate planning for stand-alone denosumab in inoperable SGCTs
is challenging and should be carefully evaluated weighting benefits and drawbacks in
comparison to other treatment options.

The primary treatment goals for GCTBs consist in providing long-term symptom relief
with particular regard to pain, along with tumor control to maintain prolonged favorable
functional status in affected patients [5]. In this review, we found that denosumab, locore-
gional radiotherapy, and SAE were associated with high rates of symptom improvement
and pain relief in patients with inoperable SGCTs, similarly to previous reports on other
inoperable GCTBs and/or resected SGCTs [8,10,17]. Of interest, no significant difference
was found between the three strategies (p = 0.279), with modest clinical advantages cor-
related to denosumab (85.2%) over radiotherapy (74.6%) and SAE (81.4%), likely owing
to its direct action against osteoclastic bone destruction, which is the primary culprit re-
sponsible for axial pain [17,47,50]. For post-treatment radiologic tumor changes, all three
strategies had good and comparable (p = 0.738) rates of reduction in tumor volume, prob-
ably accountable for the clinical improvement noted in most cases. We presume that the
moderately lower rates of tumor size decrease found in patients treated with denosumab
(56.3%), as compared to radiotherapy (67.8%) and SAE (72%), were possibly attributed to
the somewhat variable radiologic outcomes observed across all included studies. Indeed,
post-treatment SGCTs radiologic outcomes comprised changes in volumes of bone and
soft-tissue components, arrest in bone lysis, and central sclerosis formation [12,14,37,38].
As described in histopathology reports, denosumab efficiently destroys reactive osteoclastic
cells in SGCTs but has a limited effect in eliminating neoplastic stromal cells, only slow-
ing their proliferation rates, which may further explain its lower rates of tumor volume
reduction [51,52].

We found that patients treated with denosumab had significantly lower rates of local
recurrence (10.9%; p = 0.003) and distant metastases (0%; p = 0.002) in comparison to
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radiotherapy (30.5%; 8.5%) and SAE (25.6%; 7%). We hypothesize this to be related to
the different duration-related mechanisms-of-action of each therapy: while the prolonged
use of denosumab directly eliminates RANK-positive reactive giant cells and makes stro-
mal tumor cells quiescent during its whole therapeutic course, radiotherapy and SAE,
performed in single or in a limited number of procedures, indirectly and temporarily
reduce tumor nutrition and cellular activity, likely capable of regrowing and/or metasta-
sizing [8,10,47]. The few post-denosumab recurrences found across our included studies
occurred in patients with early cessation of treatment, further supporting previous findings
showing superior local control rates with prolonged courses of denosumab [12,14,38,53].
Our pooled local recurrence rates were also inferior to the ones reported in SGCTs treated
with neoadjuvant denosumab and intralesional curettage (43%), and similar to those in
patients receiving stand-alone resection or curettage (10–25%) [5,49]. Although some cases
of distant metastases occurred after radiotherapy or SAE, rates were comparable to those
after GCTB resection (1–9%), probably suggesting the underlying malignant nature of some
tumors and/or their inevitable disease evolution [5]. Hence, all three strategies may be
considered as valuable alternative to surgery in inoperable SGCTs, showing similar efficacy
for achieving optimal treatment goals.

Patients with GCTBs, including SGCTs, have a good prognosis overall, with cancer-
related mortality mostly occurring in the few cases of tumor progression, malignant trans-
formation or metastasis [5,15]. Consequently, the role of available treatment strategies is to
preserve long-term functional status in affected patients and minimize the risk of treatment-
related, life-threatening events [7,39]. In our pooled data, the median OS was significantly
longer in the SAE cohort (76.5 months) as compared to the radiotherapy (69.2 months)
and denosumab (66.9 months) cohorts (p < 0.001), likely due to the statistically different
follow-up time between the three groups (p < 0.001). However, survival times were com-
parable to those observed in surgically treated SGCTs, further highlighting the clinical
benefits of all three nonoperative strategies. Although survival rates were significantly
superior at 12 months (p = 0.020), 18 months (p = 0.019), and 24 months (p = 0.006) in the
denosumab cohort, we note that all deaths occurred for non-oncological and unrelated
conditions, comprising older age and medical comorbidities [11,26,27,34]. In addition,
years of publication were largely different among the three treatments, more recent for
denosumab studies, which may have contributed to such survival differences following
the important advances in the management of oncological patients introduced during the
past decade [54,55].

The major concerns in treating patients with SGCTs include the risks of treatment-
related adverse events. In this review, we found that all three strategies showed safe
therapeutic profiles and low rates of severe complications, with no significant between-
group differences (p = 0.311). In addition, our pooled rates were inferior to those reported
in previous surgical series (up to 35% for sacral SGCTs) [4,5,7]. We note that radiotherapy
and SAE complications were likely subjected to publication bias. Indeed, recent delivery
techniques in spine oncology significantly reduced the risks of radiation-induced skin
disorders and sacral pain [56]. Similarly, newer spine embolization approaches notably
decreased the occurrence of embolization-related post-surgical access neuropathies and
spine instability [57]. Regarding denosumab, our pooled complications were similar to the
general adverse events reported for other medical uses of denosumab, mostly consisting
of jaw osteoradionecrosis occurring after prolonged treatment courses in patients with
concurrent oral/dental comorbidities or surgery [14,17,47]. Finally, 4 cases of SGCTs
malignant transformation were noted during denosumab therapy, but sampling error at the
time of initial biopsy may have been responsible [14]. Hence, although some recent studies
have questioned the clinical benefit of denosumab in GCTBs [48], especially in regard to its
related adverse events after tumor curettage, in this review we found that denosumab is a
safe and effective primary treatment in patients with SGCTs, showing favorable clinical-
radiological outcomes and low complication rates. We ascribe such differences to potential
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underlying histomolecular characteristics unique to SGCTs as compared to GCTBs, which
deserve further evaluation to optimize disease-specific treatment strategies and protocols.

Limitations

Our study has limitations. Except for one open-label single-arm trial, all included
studies were retrospective with class IV evidence, prone to selection and recall biases.
Numbers of included patients for each cohort were different, likely limiting the power
of our meta-analysis. Possible clinical confounders could not be investigated due to the
limited data on medical comorbidities and lack of standardized evaluation of baseline
and post-treatment patient performance status. The difference in time period of study
publication and follow-up intervals between the three strategies may have introduced some
confounding variables into our survival analysis. Finally, we note that our strict study
selection criteria excluded all studies reporting the use of these nonoperative treatment
strategies as second-line and third-line options in patients with post-surgical relapsing
SGCTs. However, our inclusion criteria were set a priori to prevent the introduction of
additional confounding variables into our meta-analysis, which may have been related to
the difficulty in differentiating the clinical outcomes based on each individual treatment
option and to the heterogeneity in clinical responses between primary and relapsing SGCTs.

5. Conclusions

This meta-analysis compared the roles of denosumab, radiotherapy, and SAE for
inoperable SGCTs. All strategies showed safe toxicity profiles and similar efficacy in
providing pain relief and favorable radiological responses, comparable to those observed in
surgical series. Denosumab resulted in significantly longer tumor control and survival, but
prolonged courses and concurrent medical comorbidities should be carefully considered
to minimize the risk of adverse events. Future studies should analyze and compare the
roles of denosumab, radiotherapy, and SAEs also as second-line and third-line options in
patients with post-surgery relapsing SGCTs.
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