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Abstract Vascular endothelial growth factor (VEGF) has

been linked with tumor invasion and metastasis. However,

the role of VEGF expression in osteosarcoma remains

controversial. By searching the PubMed, Embase, and

Google Scholar databases, we conducted a meta-analysis to

evaluate the pathological and prognostic significance of

VEGF in osteosarcoma. Studies were pooled, and the odds

ratio (OR) and its corresponding 95 % confidence interval

(CI) were calculated. Nine relevant articles were included

in this meta-analysis study. We performed pooled analysis

with available data on the association between VEGF

expression and age, gender, tumor stages IIB–III versus I–

IIA, tumor recurrence, response to chemotherapy, and

tumor metastasis. Our results revealed that VEGF expres-

sion might be closely associated with metastasis of

osteosarcoma (OR 4.74, 95 % CI 2.53–8.87, P\ 0.001).

Furthermore, our findings also demonstrated that patients

with grade IIB–III osteosarcoma showed a higher fre-

quency of VEGF expression than those with grade I–IIA

osteosarcoma (OR 5.33, 95 % CI 2.03–13.98, P = 0.001).

We failed to find the association between VEGF expression

and age (OR 0.82, 95 % CI 0.44–1.53, P = 0.539), gender

(OR 1.33, 95 % CI 0.52–3.42, P = 0.553), tumor recur-

rence (OR 1.47, 95 % CI 0.56–3.86, P = 0.429), and

response to chemotherapy (OR 1.26, 95 % CI 0.14–11.72,

P = 0.839). In conclusion, VEGF is related to the grade

and metastasis of osteosarcoma. It may play a significant

role in clinical guidelines for the treatment and prognostic

evaluation.
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Introduction

Osteosarcoma, also known as osteogenic sarcoma or OGS,

is the most common type of bone cancer among children,

adolescents, and young adults [1, 2]. Over the past decades,

the combination of multiagent neoadjuvant chemotherapy

has improved 5-year survival from 20 % to about 70 % in

patients without metastasis [3, 4]. Although there has been

significant improvement in the long-term outcome of these

patients, 25–50 % of patients subsequently develop meta-

static disease, which remains the major cause of death [4].

High metastatic potential and high recurrence rate are

considered to be associated with high levels of vascular-

ization and rapid growth of these tumors [5].

Tumor growth depends on the proliferation of new

blood vessels in their interior, which are directly and

indirectly related to the release of several growth factors

both by the primary tumor and by the resulting metastatic

lesions [6]. Vascular endothelial growth factor (VEGF) is a

major angiogenic factor that induces endothelial cell pro-

liferation and increases the permeability of the vascular

endothelium [7, 8]. Targeted disruption of the VEGF gene

has indicated that VEGF is indispensable to new blood

vessel formation and growth [9].

Vascular endothelial growth factor is generally consid-

ered to play an important role in neovascularization of

tumors. VEGF expression has been shown to be correlated
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with vascular density in invasive ductal carcinoma and

human epidermoid lung carcinoma [10, 11]. Enhanced

VEGF gene expression has been reported in a number of

malignant tumor cell lines as well as in primary tumors

from breast, lung, ovarian, liver, and colon cancer in

comparison with normal tissue [10–15].

Vascular endothelial growth factor plays an important

role in tumor angiogenesis through promoting endothelial

cell growth and migration, and it has been supposed to be a

biomarker of prognosis in patients with osteosarcoma [16,

17]. There are many studies assessing the prognostic role of

VEGF expression in osteosarcoma, and no consistent out-

comes are reported [18–26]. To provide a comprehensive

assessment of the pathological characteristics and prog-

nostic role of VEGF expression in osteosarcoma, we per-

formed a meta-analysis of published studies.

Materials and methods

Search strategy

We searched for relevant studies up to December 2014

through the PubMed, Embase, and Google Scholar data-

base with the following terms and their combinations:

‘‘osteosarcoma/osteogenic sarcoma’’ and ‘‘vascular

endothelial growth factor/VEGF.’’ All scanned abstracts,

studies, and citations were reviewed. Moreover, references

of the retrieved manuscripts were also manually cross-

searched for further relevant publications. Meta-analysis

does not involve ethical review.

Selection criteria

The inclusion criteria included: (1) the articles in which the

association between VEGF expression and the clinico-

pathological significance of osteosarcoma was evaluated;

(2) the articles in which the association of VEGF expres-

sion and prognosis in patients with osteosarcoma was

evaluated; and (3) the studies which utilized immunohis-

tochemical staining for tissue VEGF expression. The

exclusion criteria included: (1) the studies which used the

same population or overlapping database and (2) the

studies of in vitro cell culture models.

Data extraction

All the available data were extracted from each study by

two investigators independently according to the inclusion

criteria listed above. The study characteristics were recor-

ded as follows: (1) the first author, country, and article

publication year; (2) the number of cancer cases for posi-

tive VEGF expression, which was measured by

semiquantitatively assessing the percentage of tumor cells

expressing VEGF, intensity of cell staining, and extent of

staining. (3) The following data were collected from each

study: age, gender, immunohistochemical technique, and

rate of VEGF-positive expression.

Statistical analysis

We estimated the odds ratio (OR) for clinicopathological

variables (age, gender, tumor stages IIB–III vs. I–IIA,

tumor recurrence, response to chemotherapy, tumor

metastasis). Tumor staging was based on the Enneking

classification [27]. The heterogeneity of the studies was

assessed using the Cochran’s Q test (considered significant

for P\ 0.10) and was quantified by the I2 statistic. Both

fixed effects (Mantel–Haenszel) and random effects (Der

Simonian and Laird) models were used to combine the

data. Relative influence of each study on the pooled esti-

mate was assessed by omitting one study at a time for

sensitivity analysis. Publication bias was evaluated by

visual inspection of symmetry of Begg’s funnel plot and

assessment of Egger’s test (P\ 0.05 was regarded as

representative of statistical significance). Statistical analy-

ses were done in STATA software, version 12.0 (STATA

Corp., College Station, TX, USA), and all tests were two-

sided.

Results

Characteristics of the studies

There were 181 papers relevant to the search words. Sub-

sequently, 144 irrelevant articles were excluded. The

remaining articles were systematically reviewed, and all 37

articles qualified for full-text reading. After full-text read-

ing, 21 articles were deemed unsuitable and were therefore

excluded, and 16 articles were identified to be included for

qualitative analysis. In addition, another seven studies were

excluded due to not present the usable data after a more

careful assessment of the remaining articles. Finally, nine

cohort studies composed of 383 OS samples were incor-

porated into the current meta-analysis. The flowchart of

selection of studies and reasons for exclusion is presented

in Fig. 1. The main characteristics of the eligible studies

are given in Table 1.

Quantitative synthesis

All nine studies including 383 patients explored the asso-

ciation between VEGF expression and clinicopathological

variables of osteosarcoma. We performed pooled analysis

with available data on the association between VEGF
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expression and age, gender, tumor stages IIB–III versus I–

IIA, tumor recurrence, response to chemotherapy, and

tumor metastasis. We failed to find the association between

VEGF expression and age (OR 0.82, 95 % CI 0.44–1.53,

P = 0.539), gender (OR 1.33, 95 % CI 0.52–3.42,

P = 0.553), tumor recurrence (OR 1.47, 95 % CI

0.56–3.86, P = 0.429), and response to chemotherapy (OR

1.26, 95 % CI 0.14–11.72, P = 0.839) (Figs. 2, 3 and 4).

However, our results revealed that VEGF expression might

be closely associated with metastasis of osteosarcoma (OR

4.74, 95 % CI 2.53–8.87, P\ 0.001) (Fig. 4b). Further-

more, our findings also demonstrated that patients with

grade IIB–III osteosarcoma showed a higher frequency of

VEGF expression than those with grade I–IIA osteosar-

coma (OR 5.33, 95 % CI 2.03–13.98, P = 0.001) (Fig. 3a).

Sensitivity analysis

We further conducted sensitivity analyses to determine

whether review conclusions were affected by the choice of

single study; the finding suggested that no single study had

the effect on the pooled ORs in the current meta-analysis

(Fig. 5).

Publication bias

Finally, the Egger’s regression test showed no evidence of

asymmetrical distribution in the funnel plot in VEGFFig. 1 Flow diagram of studies’ identification

Table 1 Characteristics of studies included in this meta-analysis

Author Year

(country)

Patient (M/

F)

Mean

age

Method Antibody source VEGF

cutoff

Expression of VEGF

(n)

Metastasis (n)

VEGF

(?)

VEGF

(-)

VEGF

(?)

VEGF

(-)

Kaya [8] 2000

(Japan)

27 (15/12) 24.9 IHC Santa Cruz [30 % 17/10 14/1

Jung [14] 2005

(Korea)

25 (20/5) 24 IHC Santa Cruz [40 % 5/20 4/3

Huang [15] 2008

(China)

31 (22/9) 21.9 IHC Santa Cruz [10 % 25/6 2/0

Mizobuchi

[16]

2008 (USA) 48 (22/26) 21 IHC Santa Cruz – 35/13 –

Zhou [13] 2009

(China)

65 (36/29) 18.5 IHC Santa Cruz [10 % 47/18 –

Lin [17] 2011

(China)

56 (29/27) 22.4 IHC JingXing

Corporation

[10 % 36/20 24/7

Lammli [18] 2012 (USA) 54 (32/22) 20.3 IHC Santa Cruz [20 % 43/11 21/2

Becker [19] 2013

(Brazil)

27 (15/12) 13 IHC Dako Citomation [30 % 4/23 3/5

Baptista [20] 2014

(Brazil)

50 (31/19) 15.96 IHC Dako Corporation [30 % 14/36 6/9

IHC immunohistochemistry
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expression in gender (Begg’s test P = 0.266; Egger’s test

P = 0.383) and tumor metastasis (Begg’s test P = 0.548;

Egger’s test P = 0.262) (Fig. 6).

Discussion

Angiogenesis is essential for the growth of a tumor and

its metastases [28]. VEGF is the most potent stimulator

of angiogenesis with a specific mitogenicity for

endothelial cells, which is crucial for both the growth of

tumors and the progression with metastases [29].

Increased VEGF production has been shown to be

important in the growth of various solid tumors in

humans including osteosarcoma, gastric, esophageal,

colorectal, renal, lung, and breast carcinomas [18, 30]. In

osteosarcoma, patients with VEGF-positive tumors have

poorer disease-free and overall survival compared with

those with VEGF negative tumors [18, 31]. VEGF

expression in pretreated osteosarcoma specimens is pre-

dictive of eventual development of pulmonary metasta-

sis; further circulating VEGF levels by ELISA were

found to be significantly higher in patients with

osteosarcoma who had pulmonary metastasis [31].

Pathological characteristics and prognostic value of post-

chemotherapy VEGF expression are largely unexplored.

Therefore, in the current meta-analysis, we aimed to

investigate whether VEGF expression may affect the

pathological characteristics and prognosis in patients

with osteosarcoma.

Fig. 2 Odds ratios (OR) and

95 % confidence interval (CI) of

individual studies and pooled

data for the association of

VEGF expression and age

(a adolescents vs. others) and

gender (b male vs. female)
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The results of our meta-analysis showed significant

correlations of VEGF expression with stage of osteosar-

coma (OR 5.33, 95 % CI 2.03–13.98, P = 0.001) and

metastasis (OR 4.74, 95 % CI 2.53–8.87, P\ 0.001) in

osteosarcoma, implying that expression of VEGF protein

may be a novel mediator in promoting tumor cell invasion

and metastasis in osteosarcoma. Nevertheless, the precise

mechanisms by which the enhanced expression of VEGF

protein leads to an aggressive invasion and metastasis in

the progression of osteosarcoma are still largely unknown.

VEGF is a secreted mitogen and the dominant factor that

regulates angiogenesis in both normal development and

tumor growth [32]. During the process of hematogenous

metastasis, it is suggested to play a pivotal role by partic-

ipating in the regulation of angiogenesis [33]. This factor

exerts its growth-promoting influence not on the tumor

cells themselves but instead on the vascular endothelial

cells, promoting both proliferation and new vessel forma-

tion. It is well demonstrated by Kaya et al. [18] that the

expression of VEGF in primary osteosarcoma is correlated

with an increase in local microvessel density in the tumor

tissue, development of pulmonary metastasis, and poor

prognosis for patients with osteosarcoma, which suggests

that VEGF secreted by osteosarcoma cells elicits angio-

genesis, which critically contributes to the development of

pulmonary metastasis of osteosarcoma.

Vascular endothelial growth factor expression and sur-

vival of osteosarcoma have been investigated by several

meta-analyses [34–36]. Compared with their work, we

focus on the association of VEGF expression and patho-

logical characteristics and prognosis of osteosarcoma,

while they only analyzed survival of osteosarcoma.

Fig. 3 Forest plot of the odds

ratios (OR) and 95 %

confidence intervals (CIs) of

studies on the association of

VEGF expression and stages of

osteosarcoma (a IIB–III vs. I–

IIA) and response to

chemotherapy (b good vs. poor)
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Recently, Rossi et al. [37] showed that the increase in

VEGF expression after preoperative chemotherapy in

patients positively correlated with relapse of osteosarcoma,

lung metastases, and survival. Unfortunately, this meta-

analysis showed no remarkable correlations between

VEGF expression and relapse of osteosarcoma and

response to neoadjuvant chemotherapy. These negative

results might be due to that only three eligible studies with

heterogeneity were analyzed. Therefore, more precise

estimates of these relationships would be possible if more

researches were included.

Meanwhile, some limitations in this meta-analysis

should be noticed: First, the immunohistochemical method

could affect the prognostic value due to the different

detection antibodies and the application of different cutoff

values for determining high VEGF levels. Second, there

might be some biases if studies other than English were

excluded. Third, our meta-analysis failed to obtain original

data from the included studies, which may limit further

evaluation of the potential role of VEGF expression in the

progression and prognosis of osteosarcoma. Fourth, the

relatively small sample sizes in the included studies result

in that even very powerful prognostic factors may not have

become significant.

In conclusion, despite the limitations of this meta-anal-

ysis, our study confirmed that the expression of VEGF

Fig. 4 Forest plot of the odds

ratios (OR) and 95 %

confidence intervals (CIs) of

studies on the association of

VEGF expression and

recurrence (a yes vs. no) and

metastasis of osteosarcoma

(b yes vs. no)
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might be closely associated with metastasis of osteosar-

coma. In addition, patients with grade IIB–III osteosar-

coma showed a higher frequency of VEGF expression than

those with grade I–IIA osteosarcoma. Further studies with

larger dataset and well-designed models are required to

validate our findings.
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