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Giant cell tumor of the bone (GCTB) is a locally aggressive tumor with a certain distant metastatic rate. For sacral GCT
(SGCT) and pelvic GCT (PGCT), surgery has its limitations, especially for unresectable or recurrent tumors. Selective
arterial embolization (SAE) is reported to be an option for treatment in several cases, but there are few systematic
reviews on the effects of SAE on SGCT and/or PGCT. Medline and Embase databases were searched for eligible Eng-
lish articles. Inclusion and exclusion criteria were conducted before searching. All the clinical factors were measured
by SPSS software, with P-values ≤0.05 considered statistically significant. A total of 9 articles were retrieved, including
44 patients receiving SAE ranging from 1 to 10 times. During the mean follow-up period of 85.8 months, the radio-
graphic response rate was 81.8%, with a local control and overall survival rate of 75% and 81.8%, respectively. No
bowel, bladder, or sexual dysfunction was observed. Three patients developed distant metastases and finally died.
Patients with primary tumors tended to have better prognosis than those with recurrence (P = 0.039). The favorable
outcomes of SAE suggest that it may be an alternative treatment for SGCT and PGCT patients for whom surgery is not
appropriate.
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Introduction

Giant cell tumor of bone (GCTB) is defined as a potential
locally aggressive tumor with a distant metastatic rate

of approximately 6.6%1–6. It occurs most in the second to
fourth decades of young adults, but also can be found in
patients at any other period. Morbidities between men and
women are almost equal. Epiphysis and metaphysis of long
bones are the most prevalent sites among the GCT occur-
rence sites, especially at the distal femur and proximal tibia.
Sacral giant cell tumor (SGCT) is the third most common
GCTB. SGCT accounts for 2%–8% of all GCTB cases, while
pelvic giant cell tumors (PGCT) are less frequent7–11. Pain is
the most common complaint due to the osteolytic destruc-
tion. Other clinical manifestations include pathological frac-
ture, losing control of bladder and bowel, as well as sexual
dysfunction. Pathological fracture is generally considered as

a potential predictor of higher local recurrence and distant
metastases rate. GCTB are usually a solid brown mass. Histo-
logically, they contain substantial multinucleated osteoclast-
like giant cells and mononuclear stromal cells. According to
their radiological appearance, GCTB are classified by Cam-
panacci et al.5 into three grades: Stage I, latent; Stage II,
active; and Stage III, aggressive.

Although surgery remains the treatment of choice for
local SGCT, it is limited by a high recurrence rate and heavy
surgical bleeding due to the complex anatomic structures,
regardless of wide excision or intralesional curretage8,12. In
addition, neurological dysfunction at the expense of inconti-
nence and sexual dysfunction could lead to psychological
issues after surgery13. Pelvic instability is also a problem for
surgery, especially for en-bloc resection, and gives rise to dif-
ficulties in reconstruction14,15. Moreover, surgical
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intervention plays an extremely limited role in those refrac-
tory and unresectable GCTB. Adjuvant therapies such as
radiotherapy (RT), cryosurgery, phenol, cementation and
bisphosphonate, as well as denosumab, were used alone or in
conjunction with other treatments. RT was reported to be an
alternative modality for SGCT or PGCT, but RT-induced
malignant transformation cannot be overlooked16.

Selective arterial embolization (SAE), as a form of non-
operative management, has been proved as a viable option
for the treatment of GCTB because it can reduce the tumor
size and/or induce ossification. On that condition, patients
could acquire pain relief and regain further surgical opportu-
nities. However, most published reports focus on the adju-
vant preoperative treatment followed by surgery, or on only
a few patients that received SAE as a major treatment; on
top of this, few systematic reviews have been reported so
far17–19. In this study, we systemically searched the relevant
published case reports (series) and did a comprehensive eval-
uation of the value of SAE, seeking credible references for
evidence-based decision-making.

Materials and Methods

Medline and Embase databases are the main sources of
our research for eligible English articles from 1 January

1978 to 31 December 2015, using the search term “(arterial
embolization OR arterial occlusion) AND giant cell tumor.”
The inclusion criteria included: (i) histologically confirmed
SGCT or PGCT by biopsies; (ii) SGCT or PGCT not suitable
for surgical treatment (e.g. poor general condition or rejec-
tion of surgeries); (iii) SGCT or PGCT patients receiving
SAE; and (iv) clinical features, prognosis and follow-up time
were precisely recorded. The exclusion criteria were as fol-
lows: (i) SGCT or PGCT patients receiving adjuvant preoper-
ative SAE followed by surgery; (ii) non-specific follow-up
time; and (iii) vague results of prognostic factors. The data-
bases were initially reviewed by title and abstract content,
and then corresponding articles were read and analyzed
completely according to the inclusion and exclusion criteria.

Information on the included patients was collected,
including basic information (ID, age, and sex), status of
tumor (site, primary or recurrent, previous treatments, main
symptoms, and the initial and latest volume of tumor),
embolization materials and frequency, various prognostic
factors, and follow-up time. The prognostic factors were as
follows: response to SAE was defined as pain relief, tumor
size decreasing, as well as radiographic response. Radio-
graphic response was defined as ossification of the tumor
margin. Local control (LC) was defined as confirmed lack of
disease progression irrespective of distant metastasis. The LC
rate was discreetly recorded as 2-, 5-, 10-year, and overall LC
rate. The follow-up time was from the beginning of the first
SAE to the patient’s death or loss to follow-up. Two
researchers searched the data independently, and differences
were discussed for resolution.

As for statistical analysis, we used the mean, median,
range, and confidence interval to describe quantitative data,

counts, and percentage for qualitative data. Kaplan–Meier sur-
vival analysis was adopted to estimate the LC and overall sur-
vival (OS) rate; different factors were compared using the log-
rank test. Patients who died of unrelated disease were included
as censored data during survival analysis. The χ2-test or the
Fisher exact test was performed to identify possible factors that
could predict SAE outcomes. Statistical significance was identi-
fied with P-values <0.05 by using SPSS statistics version 21.

Result

Article Selection Results
Our strategy of article selection is described concretely in the
flow chart (Fig. 1). A total of 104 articles from Medline and
Embase as well as the relevant references were used for search-
ing. Based on the previous inclusion and exclusion criteria,
44 patients from 9 articles were involved in our systematic
review; 1 study showing similar data to another was excluded.
Among 9 articles, the publication time varied from 1978 to
2013, comprising 34 females and 10 males, with a mean age of
34.4 � 13.3 years (median, 31.5 years; range, 15–68 years)20.

Description of Patients’ Clinical Features
The clinical data of all patients are shown comprehensively
(please see the Appendix)9,21–27. For the location of lesions,
41 (93.2%) patients’ lesions were detected in the sacrum,
while only 4 patients’ lesions (1 had GCTB of sacrum and
pelvis) were found in the ilium. For clinical manifestation,
lower back pain was the most common symptom, followed
by leg pain, lower extremity numbness, and neurological def-
icit. Nine patients presented with recurrent diseases who had
failed to respond to the previous treatments; the additional
2 patients with primary tumors received RT or curettage
before SAE. For embolization materials, 40 (90.9%) cases
were reported to use Gelfoam or morselized polyvinyl alco-
hol particles for peripheral occlusion and stainless steel coils
for central occlusion, while superabsorbent polymer micro-
sphere (SAP-MS) was applied in 4 patients instead (reported
by Nakanishi and his collaborators)28. No bowel, bladder, or

Using the established searching strategy, 104 articles were enrolled 
for the preliminary screening from Medline and Embase databses

20 articles were read intensively including 
Introduction, Materials & Methods, Results and Discussion

9 eligible articles were included with all full texts for further study, 
including the clinical characteristics and prognostic factors

84 articles were excluded directly 
according to the titles (n=62) 
and abstracts (n=22)

11 articles were further excluded 
according to the exclusion criteria:
5 papers did not provide specific data;
5 studies used SAE as a preoperative adjuvant modality;
1 paper provided similar patients’ data with another study.

Fig. 1 A flow chart of article selection strategy.
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sexual dysfunction was observed, except that 6 patients had
varying levels of neurological complications, including per-
manent left-peroneal nerve palsy (Case 11), foot drop (Case
40), and mild numbness and muscle weakness (4 cases).

Statistical Description of Prognostic Indicators
During a mean follow-up period of 85.8 months (median,
74.6 months; range, 2–277 months), the SAE ranged from
1 to 10 times (mean, 4.1 times; median, 4.0 times). All
patients were responsive to SAE, and the objective radio-
graphic response rate was 81.8% (36/44). Notably,
12 (27.3%) patients were followed up for more than
120 months. In our study, according to the Kaplan–Meier
curve, the 2-, 5-, 10-year LC rate was 93.2% (41/44), 90.9%
(40/44), and 81.8% (36/44), respectively. A total of 33 (33/44,
75.0%) patients had LC at the final follow-up. A total of
8 (8/44, 18.2%) patients died of disease, among whom 1 had
lung metastasis before SAE, while 2 after series SAE, with a
2-, 5-, 10-year, and OS rate of 90.9% (40/44), 88.6% (39/44),
86.3% (38/44), and 81.8% (36/44), respectively. The mean
survival time of these 8 deceased patients was 65.2 months
(range, 8.0–172.0 months). Of these, 1 died of renal cell car-
cinoma during the 205-month follow-up period, and 6 expe-
rienced neurological complications, including permanent
left-peroneal nerve palsy, foot drop, unilateral ankle dorsi-
flexion weakness, transient toe numbness, and minimum
hamstring muscle weakness, but none had complaints of
incontinence or sexual dysfunction. The overall LC and OS
rate are illustrated by the Kaplan–Meier function curve
exhibited in Figs 2 and 3.

Statistical Analysis of Prognosis Indicators
We examined the correlations between tumor status, previ-
ous treatments, and overall LC, OS rate. Statistical analysis
showed patients with primary tumors tended to have better
prognosis than recurrent ones (P = 0.039). However, no sig-
nificance was found in terms of previous treatments and
overall LC or OS rate. In our research, the most prevalent
number of SAE times was 4 or 5, followed by 6, according to
the evidence of angiography, including absence of new vas-
cularization, persistent stabilization, or improvements in
patients’ clinical signs. Log-rank analysis failed to show sig-
nificant association between embolization times and LC or
OS, displayed in Table 1. Women appeared to have better
prognosis for 1-year and 2-year survival (P1 = 0.008, P2 =
0.008); however this finding may not have clinical signifi-
cance because of the limited sample size. In addition,
patients’ age and embolization materials were found to be
insignificant for the prognosis.

Discussion

Giant cell tumor of bone (GCTB), accounting for 4%–5%
of all primary bone tumors, has been recognized as a

locally aggressive tumor with or without multi-centric
lesions29,30. Distant metastasis occurs at a low rate1–6. GCTB
is observed predominantly at the epiphysis and metaphysic

of long bones, especially at the distal femur and proximal
tibia. The sacrum is the third most common site, accounting
for 2%–8% of GCTB, while pelvic involvement of GCTB is
quite rare; only 4 patients were eligible for inclusion in our
study7,8. Both the sacrum and pelvis have complex anatomic
structures, often resulting in large size at initial presentation.
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Fig. 3 Kaplan–Meier curve of overall survival concerning selective

arterial embolization (SAE) for sacral or pelvic giant cell tumor (GCT).
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Fig. 2 Kaplan–Meier curve of local control concerning selective arterial

embolization (SAE) for sacral or pelvic giant cell tumor (GCT).

TABLE 1 Log-rank analysis of embolization times in local con-
trol and overall survival (37 cases*)

Threshold Number Percent (%) P-values† P-values‡

<3/≥3 8/29 21.6/78.4 0.403 0.788
<4/≥4 16/21 43.2/56.8 0.944 0.815
<5/≥5 23/14 62.2/37.8 0.819 0.385
<6/≥6 29/8 78.4/21.6 0.765 0.730

*Specific embolization times were provided in 37 of the 44 patients;
† Local control; ‡Overall survival.
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Disadvantages of Surgery
Even though surgery remains the treatment of choice, other con-
servative and alternative therapies, such as SAE and therapeutic
RT, are also widely applied in clinical practice. The local recur-
rence rate can be as high as 40%–50% after intralesional curettage
or marginal resection with or without bone cement packing31–34.
Goldenberg et al. report that five SGCT with curettage alone had
recurrence in the end35. Yet wide en-bloc resection was consid-
ered as overtreatment due to excessive blood loss or postoperative
pelvic instability. Moreover, the neurological functional sacrifice
was serious, including loss of bowel, bladder control, or sexual
dysfunction15,36,37. Thus, SAE had been presented as an alterna-
tive treatment for unresectable or recurrent GCT after surgery.
However, early on in clinical practice, SAE was adopted as an
adjuvant preoperative management so as to create the opportu-
nity for subsequent surgery17–19. Indeed, case series on SAE as a
primary therapy have reported favorable effects, with high LC
and OS rates, as well as minimal long-term complications, but
few systematic and comprehensive reviews have been published
on SAE. Therefore, we conducted this systematic review to ana-
lyze the prognosis of SAE for SGCT and PGCT.

Assessments of Embolization
The mean age (34.4 � 13.3 years) of patients was similar to
that of most published articles. All patients responded in our
study, which demonstrated an instant improvement of patients
with SAE in clinical symptoms and signs. The reossification
rate reached as high as 81.8% (36/44) on CT and MRI images,
indicating that SAE might have capacity to stimulate the func-
tioning of osteoblasts indirectly. Because the LC status was
considered of great significance in vertebral tumors, our study
showed favorable results in the 1-year, 2-year, 5-year, 10-year,
and overall LC rate after SAE, which is in parallel with the rela-
tive survival rate16. Of 11 patients failing to have LC, 8 were
within 120 months, indicating that 10-year survival might be a
prognostic threshold to forecast the overall LC rate. Of all
included patients, 6 were classified as Campanacci Grade II
and 3 as Grade III, but no prognostic significance was observed
between the two subgroups in our study.

Although no significant difference was shown among
embolization materials in our research, as previous demon-
strated, Gelfoam, polyvinyl alcohol (PVA), and stainless steel
coils for most SAE ran the risk of a short occlusive time of
tumor-feeding arteries as well as non-target embolization,
which could result in the subsequent failure of LC or even the
OS38,40. Therefore, superabsorbent polymer microsphere
(SAP-MS) is recommended for SAE due to its precise and
everlasting occlusion with minimum harm to normal tissue.
SAP-MS has gained popularity in various treatment modal-
ities, including ovarian cancer, hepatocellular carcinoma, and
colorectal cancer with liver metastasis41–44. Embolization fre-
quency was also found to be insignificant in increasing the
survival rate. However, we believed it could, to some extent,
contribute to continuous pain relief as well as tumor volume-
control and devascularization, thus improving the quality of
patients’ life. In addition, in our study, SAE was not

continued until no new vessel formation was observed by
angiography or patients gained persistent stabilization and
improvements in clinical features. The time interval of SAE
mentioned in related articles was not extremely consistent,
ranging from 3 to 8 weeks, which indicates that determining
the standard guidelines for series SAE require clinical trials.

The tumor status appeared to impact the prognosis. Previ-
ous studies also reported that recurrence status was a potential
negative prognostic factor for SAE. Lin et al. revealed that 4 of
8 patients with recurrent disease died, compared to 1 of 10 with
primary status who died23. Of the 44 patients, 13 cases were
managed to measure and provide the tumor size precisely by the
original authors in the articles. The mean decrease in ratios was
25.2% (median, 24.5%; range, −82.4% to 38.71%); however, in
1 patient, due to mere occlusion at the very proximal level, there
was collateral circulation to the residual tumors. This objective
index showed a good response of tumors towards SAE.

The post-treatment neurological complication rate was
low (6/44, 13.6%), which was confirmed to be related to the
occlusive arteries. Among 44 patients, although each had an
angiography before SAE to detect the tumor-feeding arteries,
SAE was unable to occlude the tumor-supplying arteries at a
precise and proper level, which may damage the adjacent nor-
mal tissue. None had compromised bowel, bladder, or sexual
function control due to SAE; conversely, 1 patient who had
bowel and bladder dysfunction before SAE gained favorable
results to have a functional return of micturition and defeca-
tion (case 41). Compared with surgery or RT, the neurological
deficit rate was acceptable and could be lower in the highly-
selective arterial embolization. Two patients who developed
lung metastases after SAE died in the end, one who had lung
metastases before SAE; this was comparable to the overall
metastatic rate of 1.5%–7% in GCTB45. This might indicate
that SAE had no impact on the distant metastases of GCTB.

Other Adjuvant Treatments
Denosumab, as a fully humanized monoclonal antibody directly
inhabiting the receptor activator of nuclear factor κB ligand
(RANKL), has played a very significant role in recent clinical
practice in treating unsalvageable GCTB. It was reported to
have favorable efficacy and safety, but was limited due to its lack
of long-term evaluation and adverse effects, such as the adverse
impact on bone density, hypocalcemia, and osteonecrosis of the
jaw (ONJ)46. With respect to RT, a serious and fatal problem to
be faced is the post-RT sarcomatous transformation noticed in
many studies, which can be as high as 11% despite its effective-
ness in increasing the overall LC rate47. More high-quality clini-
cal research needs to be undertaken to define the optimal
strategies for various unresectable SGCT and PGCT.

Limitation
Although this is a novel and large systematic review of SGCT
and PGCT treated by SAE, there are some limitations. First, the
sample size of this retrospective study is relatively small, which
may decrease the power of the statistics. Second, some informa-
tion on the included patients was not presented in previous
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articles (please see the Appendix, marked with “—”), resulting
in incomplete statistical analysis of some prognostic factors.

Conclusion
Favorable results for LC and survival rates with SAE were
suggested for unresectable SGTC and PGCT in our study.
The recurrent tumor status appeared to be a negative factor
for prognosis in SAE. SAP-MS was recommended for use

with embolization materials. More well-designed randomized
control trials are required to validate the value of SAE in
SGCT and PGCT that are not suitable for surgery.
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