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Background: The purpose of this study is to analyze the overall prognosis of giant cell tumor of bone
(GCTB) and the risk factors that affect its postoperative recurrence.

Methods: The databases of PubMed, Cochrane, Web of Science, Embase, China national knowledge
infrastructure, China Biology Medicine disc, and Wanfang were searched until 20 June 2020. Following
patients, intervention, comparator, outcomes, study design (PICOS) guidelines, eligible articles were
defined as studies evaluating the overall prognosis of GCTB and the risk factors that affect its postoperative
recurrence. The association between five risk factors (surgical methods, whether there is soft tissue invasion,
tumor size, p53 expression, vascular endothelial growth factor (VEGF) expression) and the recurrence of
GCTB were calculated using fixed-effects or random-effects models. The heterogeneity of the odd ration
(OR) and effect size (ES) of each study was quantified using Cochran’s Q test and Higgins-I2 statistic. The
publication bias was analyzed through the drawing of the funnel diagram.

Results: A total of 10 studies were included in the study. We found that the probability of recurrence of
patients who choose simple curettage is 5.75 times that of patients who choose amputation or total resection.
Patients with soft tissue invasion are 3.76 times more likely to relapse than non-invasive GCTB. The
probability of recurrence of patients with tumors larger than 5 cm is 2.8 times that of patients with tumors
smaller than. Patients with positive expression of p53 are 3.82 times more likely to relapse than patients with
negative expression. And patients with positive expression of VEGF are 3.82 times more likely to relapse
than patients with negative expression.

Conclusions: In conclusion, our analysis of five risk factors can be used to measure the recurrence of

GCTB and provide important preoperative recommendations for patients with GCTB.
Keywords: Giant cell tumor of bone (GCTB); osteoclastoma; prognosis; recurrence; risk Factors
Submitted Sep 19, 2020. Accepted for publication Jan 29, 2021.

doi: 10.21037/tcr-20-3100
View this article at: http://dx.doi.org/10.21037/tcr-20-3100

A ORCID: 0000-0002-1559-8178.

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2021;10(4):1712-1722 | http://dx.doi.org/10.21037/tcr-20-3100


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-20-3100

Translational Cancer Research, Vol 10, No 4 April 2021

Introduction

Giant cell tumor of bone (GCTB) is a rare benign primary
bone tumor (1). It has local lytic bone destruction,
local invasiveness, potential malignancy, and metastatic
tendency (2). GCTB usually occurs in patients with mature
bone development, and it is more common in people
aged 20-40. It mostly occurs in females and can produce
expansive or osteolytic lesions (3,4). The most common
disease sites are knee (usually located at the distal end of
the femur and the proximal end of the tibia), proximal
femur, distal radius, distal tibia, and the area adjacent to the
sacroiliac joint of the sacrum, followed by flat bones, the
backbone of any long bone and the anterior part of the axial
bone (5,6).

Currently, the diagnosis of GCTB is primarily dependent
on histological analysis due to the limited value of clinical
and radiological details. Local pain and swelling are the
most frequent symptoms in patients with GCTB (7). Recent
reports revealed that tumor progression and prognosis is
determined not only by tumor characteristics but also by
the host inflammatory response (8,9). It has increasingly
been recognized that tumor-infiltrating inflammatory cells
are responsible for producing inflammatory mediators
and cytokines that induce angiogenesis, tumor growth,
invasion, and metastasis (10). Local recurrence and remote
metastases are also found in patients with malignant giant
cell tumor of bone (MGCTB). The lung is the most
prominent source of metastases, contributing to adverse
effects. There is currently no consensus on the treatment
of GCTB. Conventional therapies involve surgery alone
or surgery paired with radiotherapy and chemotherapy;
however, the result is not obvious. There are few prognostic
studies of GCTB due to lack of cases and long-term follow-
up evidence. In a review of 26 primary GCTB cases, the
total mortality rate was 16% and the 5-year survival rate
was 87% (11). However, other studies have reported poor
prognosis for patients with GCTB with a limited duration
of survival after diagnosis (12).

At present, there are many methods including
chemotherapy, radiotherapy, surgery, and joint replacement
are employed for the treatment of GCTB (13). For decades,
surgery has remained the main treatment strategy for the
disease. The goal of surgical treatment is to remove the
tumor as much as possible, preserve the function of the
affected area, and prevent postoperative tumor recurrence.
For resectable GCTB, the main surgical methods include
intralesional curettage (IC) and wide excision (WE)
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methods. Currently, numerous literature reports about the
curative effect of certain surgical procedures; however, there
are few comparative studies about the effects of various
surgical procedures on the recurrence of GCTB. Moreover,
there are few related studies on the prognostic factors and
prognosis of GCTB recurrence after surgery. Therefore, a
more comprehensive meta-analysis is needed to compare
the effects of different surgical methods on the recurrence
of GCTB and to provide evidence-based medicine for
clinical treatment. We present the following article in
accordance with the PRISMA reporting checklist (available
at http://dx.doi.org/10.21037/tcr-20-3100).

Methods
Literature research

As of 20 June 2020, a comprehensive literature search was
conducted in the databases of PubMed, Cochrane Library,
Web of Science, Embase, China national knowledge
infrastructure, China Biology Medicine disc, and Wangfang.
Based on the PRISMA (14) guidelines (preferred reporting
items for systematic reviews and meta-analysis), this study
used evidence-based models to construct PICO problem
models. (PICO: Participants, Intervention, Control, and
Outcomes). The following terms were used to identify
research: Giant cell tumor of bone, osteoclastoma;
Prognosis; Recurrence; prognostic factors.

Inclusion and exclusion criteria

PICOS guidelines were followed by the inclusion and
exclusion of the searched studies as shown in 7azble 1.

Data extraction and quality assessment

The two authors independently reviewed all eligible
studies and extracted data. The following information was
collected: first author’s name, year of publication, country,
ethnicity, outcome measures ES, OR, and 95% CI. Any
disagreement was resolved by discussions. First, the title and
abstract were carefully evaluated, and then the randomized
controlled trial, prospective study, case-control study
potential articles were comprehensively evaluated.

Statistical analysis

The heterogeneity of the OR and ES of each study

Transl Cancer Res 2021;10(4):1712-1722 | http://dx.doi.org/10.21037/tcr-20-3100



1714 Lin et al. Bone giant cell tumor prognosis and postoperative recurrence

Table 1 PICOS criteria for inclusion and exclusion of studies

Parameters Inclusion criteria

Exclusion criteria

Patients
biopsy before the operation

A patient with GCTB by X-ray, CT, MR, and fine-needle aspiration Not a disease of the GCTB

Types of cases Postoperative recurrence cases, postoperative complications -

cases, and postoperative site function evaluation

Study design Randomized controlled trials, prospective studies, and
case-control studies
Comparator The study provided sufficient information to calculate the odds

ratio (OR), effect size (ES), and 95% Cl

Systematic reviews, comments, reviews, and animal
experiment literature

Studies that do not provide the necessary data; the
quality of study is poor, and duplicate documents

was quantified using Cochran’s Q test and Higgins-I’
statistic. A P<0.1 for the Q-test or I’>50% was considered
statistically significant, and the random-effects model was
used, otherwise, the fixed-effects model was used. For
assessment of reporting bias, if our review had a sufficient
number of included trials that were available in the meta-
analysis, a funnel plot and statistic test was generated to
analyze the potential reporting bias as well as small study
effects. Subgroup analysis was performed based on sample
size, country, treatment, and the cut-off value. Most of
the statistical analyses in this study used STATA software
(version 11.2; StataCorp LP, College Station, TX, USA).

Results
Study characteristics

The original search included 162 records and after deleting
systematic reviews, comments, reviews, and animal
experiment literature, 118 records remained. A total of 118
full-text articles were evaluated when selecting titles and
abstracts. Of them, 87 did not meet the inclusion criteria
and were therefore excluded, while 31 records remained.
Through reading the full text, we excluded 19 documents
that did not meet the end effect size or could not provide
the effect size data. At the same time, 3 documents were
excluded whose full text and document data cannot be
obtained. As a result, 10 eligible studies, comprising a total
of 675 patients, were included in the meta-analysis.

All studies were published between 2004 and 2020. Ten
studies (15-24) explored the prognostic role of after surgery
for patients. All included studies were divided into five
groups according to all prognostic factors that may cause
postoperative GCTB recurrence: surgical methods, whether
there is soft tissue invasion, tumor size, p53 expression,

VEGF expression.
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Meta-analysis of the overall prognosis of GCTB

The 10 documents in this study have passed the
heterogeneity test, I'=77.31%>50%, and the Q test P<0.1,
suggesting that there is significant heterogeneity between
the selected documents in this study, and random effects
can be selected. Meta-analysis can also continue to conduct
sensitivity analysis to investigate the causes of heterogeneity.
Sensitivity analysis showed that none of the literature has
greatly interfered with the results of this meta-analysis,
which means that this study has good stability (Table 2).
A meta-analysis based on random effects showed that the
overall recurrence rate of GCTB after treatment was 29%,
with a high recurrence rate (ES: 0.29, 95% CI: 0.25-0.32,
Z: 11.84, P<0.05) (Figure I). And the funnel chart obtained
from the analysis is relatively symmetrical (Figure 2),
suggesting that the literature included in the study is less
biased.

Meta-analysis of surgical methods for recurrence of GCTB

It can be seen from Figure 3 that the meta-analysis of the
4 studies on the recurrence of GCTB by surgical methods
is obviously heterogeneous, with I’>50%. Therefore, the
sensitivity analysis continues and it is found that Minghui
Li (in 2018) is the main reason for heterogeneity. After
deleting the study, a meta-analysis was performed again
(Figure 4), and it was found that the choice of surgical
method was a prognostic factor for recurrence of GCTB
(OR: 7.80, 95% CI: 3.82-15.90, Z: 5.65, P<0.05), and the
heterogeneity has not existed (I': 9%<50%, P=0.33>0.1).
Further, the funnel chart obtained from the analysis is
relatively symmetrical (Figure 5). Taken together, the
probability of recurrence of patients who choose simple
curettage is 5.75 times that of patients who choose
amputation or total resection.
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Table 2 Studies included in this review
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Studies Study type Sa;rizzle (meflaee/rffni:ale) Age, years Follow-up time Prognosis
Chen et al. (in 2004) Retrospective study 42 - - At least 2 years 19/42
Wang et al. (in 2005) Retrospective study 65 34/31 30.1 (10 to 65) Not specified 19/65
Zhang et al. (in 2005)  Retrospective study 82 46/36 31.08 10-96 months, 36.4 months 29/82
averagely
Guo et al. (in 2006) Retrospective study 146 84/62 15 to 67 An average of 58 months 19/127
van der Heijden et al.  Retrospective study 26 11/15 A median of 41 Median follow-up time 98 15/26
(in 2014) (14 to 66 years old) months (6-229 months)
Yalcinkaya et al. Retrospective study 42 20/22 - Not specified 10/42
(in 2015)
Lietal. (in2018) Retrospective study 73 29/44 33.37+11.34 61.81+53.21 18/73
Zou et al. (in 2019) Retrospective study 58 35/23 33.2+13.4 95.3 (21 to 321) 15/58
Liu et al. (in 2019) Retrospective study 86 47/39 22 to 57 (a median of 35) Not specified -
He et al. (in 2019) Retrospective study 55 - - - 23/55

Figure 1 Flow diagram of study selection.
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Funnel plot with pseudo 95% confidence limits
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Figure 2 Sensitivity analysis of this study.

Figure 4 Funnel diagram of this study.
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Figure 3 Forest map of a meta-analysis of Random effects.

Meta-analysis of soft tissue invasion for recurrence of
GCTB

It can be clearly seen from Figure 6 that ’=0%<50%,
P=0.78>0.1, there is no heterogeneity in this study, so the
fixed effect was selected for meta-analysis of surgical factors.
It was found that whether there is soft tissue invasion, GCTB
recurrence is one of the prognostic factors (OR: 3.7, 95%

CI: 1.61-8.78, Z: 3.06, P<0.05). The funnel chart obtained

© Translational Cancer Research. All rights reserved.

from the analysis is relatively symmetrical (Figure 7),
suggesting that the literature included in the study is not
biased. Taken together, patients with soft tissue invasion are
3.76 times more likely to relapse than non-invasive GCTB.

Meta-analysis of tumor size for recurrence of GCTB

It can be clearly seen from Figure 8 that I’=0%<50%,
P=0.7>0.1, and there is no heterogeneity in this study.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed. 95% CI IV, Fixed. 95% Cl
Minghui Li2018 -1.96611286 0.88548492 14.2% 0.14 [0.02, 0.81)
Peng Wang2005 3.57713751 1.17378201 8.2% 35.77[3.58, 356.99] = >
Qianchen Guo2006 2.23921922 0.70761918 22.7% 9.38 [2.35, 37.57] = =
Tianxing Chen2004 1.74919986 0.45440114 55.0% 5.75[2.36, 14.01] —i—
Total (95% Cl) 100.0% 4.42[2.28, 8.54] ’
Heterogeneity: Chi*= 18.50, df= 3 (P = 0.0002); I*= 85% u o1 u=1 1=0 100:

Test for overall effect: Z= 4.41 (P < 0.0001)

Favours [experimental] Favours [control]

Figure 5 A meta-analysis of recurrence of GCTB with surgical methods: part 1.
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Figure 6 Meta-analysis of recurrence of GCTB with surgical methods: part 2.
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Figure 7 Funnel diagram of this study.

Therefore, the fixed effect was selected for the meta-analysis
of surgical factors. The tumor size was found as one of the
prognostic factors for tumor recurrence (OR: 2.80, 95%
CI: 1.42-5.52, Z: 2.97, P<0.05). The funnel chart obtained
from the analysis is relatively symmetrical (Figure 9),
suggesting that the literature included in the study is not
biased. In short, the probability of recurrence of patients
with tumors larger than 5 cm is 2.8 times that of patients
with tumors smaller than.
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Meta-analysis of p53 for the recurrence of GCTB

It can be clearly seen from Figure 10 that '=0%<50%,
P=0.46>0.1, and there is no heterogeneity in this study.
Therefore, the fixed effect was selected for meta-analysis
of surgical factors, and finally it is concluded that the
expression of p53 is one of the prognostic factors for cell
tumor recurrence (OR: 3.82, 95% CI: 1.64-8.88, Z: 3.11,
P<0.05). The funnel chart obtained from the analysis is
relatively symmetrical (Figure 11), suggesting that the
literature included in the study is not biased. In short,
patients with positive expression of p353 are 3.82 times more
likely to relapse than patients with negative expression.

Meta-analysis of VEGF for the recurrence of GCTB

It can be clearly seen from Figure 12 that '=0%<50%,
P=0.97>0.1, and there is no heterogeneity in this study.
Therefore, the fixed effect was selected for meta-analysis
of surgical factors, and finally it is concluded that the
expression of VEGF is one of the prognostic factors for cell
tumor recurrence (OR: 3.56, 95% CI: 1.60-7.92, Z: 3.12,
P<0.05) (Figure 13). The funnel chart obtained from the
analysis is relatively symmetrical (Figures 14,15), suggesting
that the literature included in the study is not biased. In
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Changye Zou 2018 1.41924546 0.63718392 46.2% 4.13[1.19,14.41) —
L. van der Heijden 2014 0.65700173 1.04254661 17.3% 1.93[0.25,14.89]
YIFENG HE 2018 1.5175419 0.71608596 36.6% 4.56[1.12,18.586) |—%——
Total (95% Cl) 100.0% 3.76[1.61,8.78] -
Heterogeneity: Chi*= 0.50, df= 2 (P = 0.78); F= 0% ) i t !
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Figure 8 Meta-analysis of soft tissue invasion in the recurrence of GCTB.
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Figure 9 Funnel diagram of this study. Figure 11 Funnel diagram of this study.
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Figure 10 Meta-analysis of tumor size on the recurrence of GCTB.
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Figure 12 Meta-analysis of p53 in the recurrence of GCTB.
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Figure 14 Meta-analysis of recurrence of GCTB by VEGEF.

short, patients with positive expression of VEGEF are 3.82
times more likely to relapse than patients with negative
expression.

Discussion
Principal finding and clinical interpretation

GCTB is a potentially malignant tumor that grows actively
and easily recurs. At the same time, it is well known that
GCTB is one type of giant cell-rich lesion of bone (3),
but its specific cellular components are complex and
biological characteristics are variable. The local recurrence
rate of GCTB has been reported as 5% to 50% (25). Few
studies have evaluated the overall prognosis of GCTB
after treatment, but our study confirmed that the overall
recurrence rate after GCTB treatment was 29% (ES=0.29,
95% CI: 0.25-0.32, Z: 11.84, P<0.05), the recurrence rate is
higher.

GCTB is a potentially malignant tumor that grows
actively and easily recurs. It is well known that GCTB is
a bone lesion rich in giant cells (3), but its specific cellular
components are complex and biological characteristics
are variable. The local recurrence rate of GCTB has been

© Translational Cancer Research. All rights reserved.
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reported as 5% to 50% (3). Few studies have evaluated the
overall prognosis of GCTB after treatment, but our study
confirmed that the overall recurrence rate after GCTB
treatment was 29% (ES: 0.29, 95% CI: 0.25-0.32, Z: 11.84,
P<0.05), the recurrence rate is higher. Our research found
that such a high tumor recurrence rate may be related to
the following reasons: surgical methods (OR: 7.80, 95% CI:
3.82-15.90, Z: 5.65, P<0.05), whether there is soft tissue
invasion (OR: 3.7, 95% CI: 1.61-8.78, Z: 3.06, P<0.05),
tumor size (OR: 2.80, 95% CI: 1.42-5.52, Z: 2.97, P<0.05),
p53 expression(OR: 3.82, 95% CI: 1.64-8.88, Z: 3.11,
P<0.05), VEGF expression (OR: 3.56, 95% CI: 1.60-7.92,
Z:3.12, P<0.05).

Our research found that the probability of recurrence
of patients who choose simple curettage is 5.75 times that
of patients who choose amputation or total resection.
At present, the general principle of clinical treatment of
GCTB is to use surgical treatment as the mainstream,
and the purpose of treatment is to completely remove the
local tumor, to maximize the preservation of adjacent joint
function, and try to avoid postoperative tumor recurrence
and complications (26-28). But the specific methods have
not reached a consensus. Simple curettage has a simple
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operation, less damage, and better postoperative function,
but the recurrence rate is higher than amputation or total
resection. Although amputation or total resection has a
low recurrence rate, the postoperative functional recovery
of patients is poor. To protect the function of the affected
area to the greatest extent, improve the prognosis of the
patient, and reduce the recurrence rate. Some scholars
have tried to combine various chemical (phenol, absolute
alcohol, hydrogen peroxide, etc.) or physical (high-speed
drill, electric knife cauterization, microwave ablation, liquid
nitrogen freezing, etc.) adjuvant therapies after intralesional
resection surgery. However, there is no large amount of
data to confirm that the postoperative recurrence rate of
combined adjuvant therapy is lower than amputation or
total resection.

We analyzed the correlation between preoperative
imaging examination and tumor immunohistochemical
technique and GCTB recurrence. First, the preoperative
imaging characteristics and the recurrence of GCTB were
analyzed. We found that patients with soft tissue invasion
and tumors larger than 5 cm are more likely to relapse
GCTB. This suggests that such patients need to be followed
up and regularly reviewed after surgery. In addition, p53 is a
famous tumor suppressor gene, and there is evidence in the
literature that p53 may be implicated in GCTB behavior (28).
In this study, we found that patients with positive expression
of p53 are 3.82 times more likely to relapse than patients
with negative expression. This result also supports the
suggestion that many scholars put p53 as a marker of
GCTB biological behavior (29). Studies have found that
VEGF is overexpressed in GCTB tissue and its adjacent
non-cancerous tissue samples, and may play an important
role in the occurrence, invasion, metastasis, and recurrence
of GCTB (22,30). Our analysis found that patients with
positive expression of VEGF are 3.82 times more likely to
relapse than patients with negative expression. This suggests
that the expression status of VEGF helps to evaluate the
prognosis of GCTB patients.

Limitations

However, our research has some limitations. First, there is
too much heterogeneity between studies. Subgroup analysis
found no potential sources of heterogeneity. Second, the
severity of the patient population of all the included studies
and the differences between different individuals limit our
conclusions. Third, the small number of people involved
may also limit our conclusions.

© Translational Cancer Research. All rights reserved.

We did not specify how sources of heterogeneity were
explored. Because of the risk factors of recurrence in
the study, OR was used as the effect quantity. Only two
included articles had HR, so it was not significant to include
them. Some literature did not explicitly mention OR, so
SPSS statistical software was used to calculate OR.

Conclusions

In conclusion, this study can provide significant guidance
for the prognosis and reexamination after GCTB. Our
result showed that the five risk factors may assess the
recurrence of GCTB and provide crucial preoperative
recommendations to the surgeon and health care team for
patients with GCTB. The findings of this study suggest
that while choosing an appropriate surgical procedure, we
should fully consider the impact of different risk factors on
the recurrence rate.
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