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Abstract 

Background: In recent years, numerous investigations have been conducted to determine the clinical significance 
and critical functions of vascular endothelial growth factor (VEGF) in various malignant cancers. The purpose of this 
meta-analysis was to comprehensively evaluate the prognostic and clinicopathological value of VEGF in patients with 
osteosarcoma.

Methods: We performed a systematic literature retrieval of available databases. Odds ratios (ORs) or standard mean 
difference (SMD) for clinicopathological parameters, hazard ratios (HRs) for overall survival and disease-free survival 
were calculated to assess the correlation between VEGF expression and prognosis in patients with osteosarcoma.

Results: A total of 22 studies with 1144 patients were included in our study. Pooled analyses showed that VEGF 
overexpression predicted worse overall survival (HR, 2.42; 95% CI, 1.87–3.11, p < 0.001) and disease-free survival (HR, 
2.604; 95% CI, 1.698–3.995, p < 0.001), respectively. Furthermore, investigation regarding osteosarcoma clinicopatho-
logic characteristics suggested that high VEGF expression was significantly associated with metastasis (OR, 4.39; 95% 
CI, 2.77–6.95; p < 0.001), clinical stage (OR, 0.73; 95% CI, 0.62–0.87; p < 0.001), and microvessel density (SMD, 3.33, 95% 
CI,1.57–5.10, p < 0.001), but not associated with tumor location, gender, age, local recurrence, and chemotherapy 
response.

Conclusion: Our meta-analysis findings suggest that elevated VEGF expression may be a predictive biomarker for 
poor prognosis and adverse clinicopathological characteristics in patients with osteosarcoma.
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Introduction
Osteosarcoma is the most frequent malignant osteogenic 
tumor, mostly occurring in children and young adults [1]. 
Over the past decade, the clinic appliance of neoadjuvant 
reduced the size of the localized tumor and delayed the 
progression, significantly improving the 5-year survival 

rate of patients with low-grade osteosarcoma [2]. How-
ever, metastasis has been reported to be present in 
approximately 25% of newly diagnosed osteosarcoma 
patients, and the mortality rate in these patients remains 
extremely high at approximately 20% [2–4]. There is 
currently an absence of viable methods for the early 
diagnosis and treatment of osteosarcoma. Given this, 
further investigation of prognostic molecular biomark-
ers is critical for a better understanding of osteosarcoma’s 
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pathophysiology and the development of more effective 
treatment modalities.

Angiogenesis plays a vital role in tumor development 
as the growth of tumors relies on the perfusion of neo-
vascular [5]. Vascular endothelial growth factor (VEGF) 
is a potent pro-angiogenic factor that regulates vascular 
endothelial cell proliferation, differentiation and migra-
tion [6]. Overexpression of VEGF has been reported to 
be attributed to the invasion and metastasis of a wide 
range of solid tumors [7–9]. To clarify the mechanism of 
VEGF in the advancement of osteosarcoma, the associa-
tion between VEGF and prognosis features of osteosar-
coma has been assessed. However, the prognostic and 
clinicopathological value of VEGF remains controver-
sial [10, 11]. Previous relevant meta-analyses have been 
performed to define the clinical significance of VEGF 
expression in osteosarcoma. Nevertheless, these analy-
ses were inconclusive as inconsistent results, limited 
involved studies, and the absence of a thorough evalua-
tion of study quality and pooled results [12–14]. There-
fore, this current study aimed to comprehensively and 
systematically assess the prognostic value of VEGF in 22 
studies involving 1144 osteosarcoma patients.

Materials and methods
This study was conducted entirely in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) [15].

Search strategies
A comprehensive electronic literature search was per-
formed in four databases: Web of Science, PubMed, 
Cochrane Library and Medline with no restrictions on 
language or publication date. The last search was con-
ducted on September 12, 2021. The following terms were 
used to conduct the literature search: ("osteosarcoma" or 
"osteogenic sarcoma") and ("vascular endothelial growth 
factor" or VEGF). We additionally manually screened the 
references of identified articles to collect more studies.

Selection criteria
The eligible articles were selected in accordance with the 
following criteria: (1) patients were diagnosed with oste-
osarcoma pathologically; (2) the relationship between 
VEGF expression and clinicopathological characteristics 
or prognosis were investigated; (3) the expression VEGF 
was determined on samples of tumor tissue. Articles were 
excluded according to the following criteria: (1) studies 
were published in the form of conference abstracts, let-
ters, case reports, expert opinions, reviews, or sequence 
data; (2) focused on tumor cell lines or animal experi-
ments; (3) patients did not confirm the diagnosis of oste-
osarcoma; (4) when study comprised overlapping patient 

cohort. Two independent authors determined whether 
studies were eligible. Any discrepancies were settled by 
consensus following a discussion.

Data extraction and quality assessment
Two independent investigators carefully reviewed all 
eligible publications to extract interested  data. The fol-
lowing data were collected, including (1) first author, 
publication year, patient source; (2) number of patients, 
age, gender, VEGF assay method, antibody type, source 
and dilution of immunohistochemistry (IHC), and cut-
off value; (3) tumor stage at diagnosis, metastasis, local 
recurrence, tumor location, chemotherapy response, 
microvessel intensity (MVD), hazard ratio (HR) of VEGF 
expression and corresponding 95% CI.

If a study stated both univariate and multivariate sur-
vival results, the HRs from the multivariate analyses were 
used. When the survival results were not given explicitly 
while a Kaplan–Meier curve was present, the HRs with 
95% CIs were retrieved using Engauge Digitizer 11.0 soft-
ware and Tierney’s reported method [16].

Each involved study’s quality was assessed using the 
Newcastle–Ottawa Scale (NOS) by two independ-
ent reviewers [17]. The scale judges the quality of stud-
ies from three main aspects: the selection of the groups, 
comparability, and exposure, with a maximum of nine 
points. Articles with a NOS score of more than six were 
considered to be of high quality.

Statistical analysis
The statistical analysis in this study was performed by 
STATA 14.0 (Stata Corporation, College Station, TX, 
USA). We estimate the pooled HRs for survival results, 
the pooled odds ratio (OR) for the clinicopathologi-
cal characteristics (age, gender, stage, metastasis, local 
recurrence, response to chemotherapy). The continu-
ous variables are described as standard mean difference 
(SMD). The statistical between-study heterogeneity was 
assessed by the Chi-squared test and the Higgins I2 sta-
tistic. Significant heterogeneity was defined as a p > 0.10 
or I2 > 50%. A fixed-effects model was utilized when there 
was no significant heterogeneity. Otherwise, a random-
effects model was utilized. The potential publication bias 
was estimated by using Begg’s funnel plot and Egger’s 
test. Additionally, we performed sensitivity analyses to 
assess the stability of the pooled outcomes. p < 0.05 was 
considered statistically significant.

Results
Search results
A total of 2075 articles were identified from four online 
databases. After removing 640 duplicates, the remain-
ing 1435 records were systematically evaluated by the 
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titles and abstracts. Among these articles, 165 articles 
were excluded for irrelevant studies, 245 articles involved 
non-human experiments, 492 articles were conference 
abstracts, case reports, letters, and reviews, and 501 arti-
cles were not related to VEGF or osteosarcoma. After 
assessing the entire text of the remaining 32 studies, 10 
articles were excluded for insufficient data. Finally, 22 
studies with a total of 1144 osteosarcoma patients were 
included in this study [10, 11, 18–37]. The detailed flow-
chart of the study filtrating process is shown in Fig. 1.

Study characteristics and quality assessment
The summarized characteristics of the included study 
are shown in Table  1. Among them, 11 studies focused 
on the prognostic significance, 22 studies analyzed the 
correlation between VEGF expression and clinicopatho-
logical characteristics. All of the eligible research was 
published between 1999 and 2020, and it was written in 
English, with a patient population ranging from 25 to 
153. Additionally, immunochemical staining (IHC) was 
the most often employed technique to measure VEGF 
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Fig. 1 The flowchart of the study selection in this meta-analysis



Page 4 of 11Zhang et al. Journal of Orthopaedic Surgery and Research          (2021) 16:738 

Ta
bl

e 
1 

M
ai

n 
ch

ar
ac

te
ris

tic
s 

of
 th

e 
st

ud
ie

s 
in

cl
ud

ed
 in

 th
is

 m
et

a-
an

al
ys

is

H
R,

 h
az

ar
d 

ra
tio

; I
H

C,
 im

m
un

oh
is

to
ch

em
is

tr
y;

 q
RT

-P
CR

: q
ua

nt
ita

tiv
e 

re
al

-t
im

e 
po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n;

 N
O

S,
 N

ew
ca

st
le

–O
tt

aw
a 

Sc
al

e;
 O

S,
 o

ve
ra

ll 
su

rv
iv

al
; D

FS
, d

is
ea

se
-fr

ee
 s

ur
vi

va
l; 

SC
, s

ur
vi

va
l c

ur
ve

; I
RS

, 
im

m
un

or
ea

ct
iv

e 
sc

or
e;

 N
A

, n
ot

 a
va

ila
bl

e;
a  T

he
 IR

S 
w

as
 c

al
cu

la
te

d 
by

 m
ul

tip
lic

at
io

n 
of

 p
er

ce
nt

ag
e 

of
 s

ta
in

ed
 c

el
ls

 a
nd

 th
e 

in
te

ns
ity

 o
f s

ta
in

in
g;

b  To
ta

l s
co

re
 w

as
 c

al
cu

la
te

d 
by

 th
e 

nu
m

be
r o

f p
os

iti
ve

 c
el

ls
;

c  T
he

 s
ta

in
in

g 
w

as
 c

on
si

st
en

t w
ith

 th
e 

co
nt

ro
l t

is
su

e 
an

d 
w

as
 o

f e
qu

al
 in

te
ns

ity
 to

 th
e 

po
si

tiv
e 

co
nt

ro
l t

is
su

e

St
ud

y
Ye

ar
Pa

tie
nt

 s
ou

rc
e

A
nt

ib
od

y 
ty

pe
A

nt
ib

od
y 

di
lu

tio
n

N
um

be
r 

of
 

pa
tie

nt
s

Tu
m

or
 s

ta
ge

M
et

ho
d 

an
d 

is
of

or
m

s

Cu
to

ff
 v

al
ue

H
R 

So
ur

ce
O

ut
co

m
e

N
O

S 
sc

or
e

Ko
ng

20
20

C
hi

na
Be

iji
ng

 B
io

ss
 B

io
te

ch
1:

10
0

37
I, 

II,
 II

I
IH

C
 ≥

  2
a

SC
O

S,
 C

PF
6

M
oh

am
ed

20
19

Eg
yp

t
Sa

nt
a 

C
ru

z
1:

10
0

66
II,

 II
I

IH
C

 >
 3

0%
b

N
A

C
PF

6

W
u

20
19

C
hi

na
Sa

nt
a 

C
ru

z
1:

10
0

53
I, 

II,
 II

I
IH

C
 ≥

  4
a

CO
X

O
S,

 C
PF

7

Li
u

20
17

C
hi

na
Sa

nt
a 

C
ru

z
N

A
84

I, 
II,

 II
I

IH
C

 ≥
  1

a
CO

X
O

S,
 C

PF
7

Le
i

20
15

C
hi

na
A

bc
am

1:
15

0
32

I, 
II,

 II
I

IH
C

 >
  3

a
N

A
C

PF
6

Zh
ao

20
15

C
hi

na
N

A
N

A
15

3
I, 

II,
 II

I
IH

C
 ≥

  4
a

SC
O

S,
 C

PF
8

Ba
pt

is
ta

20
14

Br
az

il
D

ak
o

1:
10

0
50

I, 
IIA

, I
IB

IH
C

 >
 3

0%
b

SC
O

S,
 D

FS
, C

PF
8

Be
ck

er
20

13
Br

az
il

D
ak

o
1:

50
27

IIB
 II

I
IH

C
 >

 3
0%

b
N

A
C

PF
6

La
m

m
li

20
12

U
SA

Sa
nt

a 
C

ru
z

N
A

54
N

A
IH

C
 ≥

 2
0%

b
N

A
C

PF
6

C
he

n
20

12
C

hi
na

Sa
nt

a 
C

ru
z

1:
20

0
49

IIA
, I

IB
, I

II
IH

C
N

A
SC

D
FS

, C
PF

9

Zh
ou

20
11

C
hi

na
Sa

nt
a 

C
ru

z
1:

20
0

65
IIA

, I
IB

, I
II

IH
C

 ≥
 1

0%
b

N
A

C
PF

6

Li
n

20
11

C
hi

na
Fu

Zh
ou

 Ji
ng

Xi
ng

 C
or

po
ra

-
tio

n
N

A
56

II 
III

IH
C

 ≥
 1

0%
b

SC
O

S,
 C

PF
8

Lu
go

w
sk

a
20

11
Po

la
nd

Sa
nt

a 
C

ru
z

4:
20

00
91

IIB
, I

II
IH

C
 >

 5
0%

b
CO

X
O

S,
 C

PF
8

A
bd

ee
n

20
09

U
SA

N
A

N
A

48
IIB

, I
II

IH
C

 ≥
  2

po
in

ts
c

N
A

C
PF

7

M
iz

ob
uc

hi
20

08
U

SA
Sa

nt
a 

C
ru

z
1:

20
0

48
N

A
IH

C
 ≥

 1
, i

nt
en

si
ty

 o
f s

ta
in

in
g

N
A

C
PF

6

H
ua

ng
20

08
C

hi
na

Sa
nt

a 
C

ru
z

1:
10

0
31

I, 
IIA

, I
IB

IH
C

 ≥
 1

, i
nt

en
si

ty
 o

f s
ta

in
in

g
N

A
C

PF
6

Pa
rk

20
08

Ko
re

a
Zy

m
ed

 L
ab

1:
10

0
35

N
A

IH
C

 >
 3

0%
b

N
A

C
PF

6

C
ha

rit
y

20
06

En
gl

an
d

BD
 B

io
sc

ie
nc

es
 P

ha
rm

in
ge

n
N

A
53

I, 
II,

 II
I

IH
C

 ≥
 2

5%
b

CO
X

O
S,

 D
FS

, C
PF

6

O
da

20
06

Ja
pa

n
Sa

nt
a 

C
ru

z
1:

50
0

30
N

A
IH

C
IR

S 
≥

 2
 +

 w
ith

 fo
ca

l t
o 

di
f-

fu
se

 d
is

tr
ib

ut
io

ns
SC

O
S,

 C
PF

8

Ju
ng

20
05

Ko
re

a
Sa

nt
a 

C
ru

z
1:

20
0

25
N

A
IH

C
 >

 2
 +

 , n
um

be
r o

f n
ew

 
ve

ss
el

N
A

C
PF

7

Ka
ya

20
00

Jp
an

Sa
nt

a 
C

ru
z

1:
20

0
27

I, 
II,

 II
I

IH
C

 >
 3

0%
 b

SC
O

S,
 D

FS
, C

PF
9

Le
e

19
99

Ja
pa

n
–

–
30

N
A

RT
-P

C
R

–
SC

O
S,

 C
PF

6



Page 5 of 11Zhang et al. Journal of Orthopaedic Surgery and Research          (2021) 16:738  

expression (21/22, 95.5%), with 95.2% of the studies using 
IHC having defined the cutoff value of VEGF expression. 
Each article used the tissue as the sample. In terms of 
study quality, all of the eligible studies were high quality 
with a NOS score greater than 6 points. Other informa-
tion about the involved studies is shown in Table 1.

VEGF expression and prognostic significance
The survival data, including overall survival (OS) or 
disease-free survival (DFS), were analyzed in 11 studies 
among eligible studies. Due to the lack of evident hetero-
geneity detected (I2 = 0.00%, p = 0.894), a fixed-effects 
model was utilized. The result showed that the elevated 
VEGF expression was associated with poor overall sur-
vival (HR, 2.42; 95% CI, 1.87–3.11, p < 0.001). To further 
find out the potential sources of heterogeneity, we under-
took a subgroup analysis stratified by ethnicity, publica-
tion date, testing isoform, antibody type, positive rate, 
HR resource, sample size, and NOS score. As shown in 
Table  2, each subgroup presented a significant associa-
tion with overall survival.  Besides, disease-free survival 

was also extracted in studies. The fixed-effect model 
was employed to calculate the pooled HR (I2 = 0.00%, 
p = 0.485). Results reveal that the elevated VEGF expres-
sion predicted poor disease-free survival (HR, 2.604; 95% 
CI, 1.698–3.995, p < 0.001).

VEGF expression and clinicopathological features
The correlation between VEGF expression and clinico-
pathological values, including age, gender, metastasis, 
local recurrence, tumor stage, response to chemotherapy, 
and MVD, was investigated. A fixed-effects or a random-
effects model was employed based on the heterogeneity 
results of each parameter. The detailed information is 
shown in Table  3. Under the fixed-effects model, over-
expression of VEGF was significantly related to a higher 
rate of osteosarcoma metastasis (OR, 4.39; 95% CI, 
2.77–6.95; p < 0.001). The random-effects model showed 
that the overexpression of VEGF was significantly related 
to a higher clinical stage (OR, 0.73; 95% CI, 0.62–0.87; 
p < 0.001). Besides, VEGF expression showed a significant 
correlation with microvessel density (MVD) according to 

Table 2 The subgroups analysis for VEGF and overall survival in patients with osteosarcoma

HR, hazard ratio; NOS, Newcastle–Ottawa Scale; VEGF, vascular endothelial growth factor; IHC, immunohistochemistry; qRT-PCR: quantitative real-time polymerase 
chain reaction

Subgroup Number of 
studies

Model Heterogeneity test Effect size Conclusion

I2 p value HR 95%CI p value

Ethnicity

Asian 8 Fixed 0.0% 0.774 2.49 1.85–3.35  < 0.001 Significant

Non-Asian 3 Fixed 0.0% 0.695 2.20 1.34–3.61 0.002 Significant

Publication (year)

 ≥ 2014 5 Fixed 0.0% 0.833 1.94 1.32–2.83 0.001 Significant

 < 2014 6 Fixed 0.0% 0.942 2.87 2.04–4.04  < 0.001 Significant

Testing isoform

IHC 10 Fixed 0.0% 0.959 2.45 1.84–3.25  < 0.001 Significant

qRT-PCR 1 – – – – – – –

Antibody type

Santa Cruz 5 Fixed 0.0% 0.896 2.65 1.83–3.83 0.001 Significant

Others 4 Fixed 0.0% 0.795 2.18 1.40–3.40  < 0.001 Significant

Positivity (%)

 ≥ 55% 7 Fixed 0.0% 0.731 1.98 1.31–2.99 0.001 Significant

 < 55% 4 Fixed 0.0% 0/892 2.71 1.96–2.75  < 0.001 Significant

HR resource

Reported 5 Fixed 0.0% 0.868 2.20 1.87–3.11  < 0.001 Significant

SC 6 Fixed 0.0% 0.894 2.73 1.85–4.02  < 0.001 Significant

Sample size

 ≥ 50 7 Fixed 0.0% 0.915 2.19 1.63–2.94  < 0.001 Significant

 < 50 4 Fixed 0.0% 0.722 3.20 1.92–5.34  < 0.001 Significant

NOS score

 < 8 6 Fixed 0.0% 0.800 2.495 1.72–3.62  < 0.001 Significant

 ≥ 8 5 Fixed 0.0% 0.663 2.335 1.65–3.31  < 0.001 Significant
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the results of the random-effects model (SMD, 3.33, 95% 
CI,1.57–5.10, p < 0.001). However, we failed to find a sig-
nificant relationship between overexpression of VEGF 
and gender, tumor location, local recurrence, age, and 
response to chemotherapy (Fig. 2).

Publication bias and sensitivity analysis
Publication bias was measured by using Begg’s fun-
nel plot and Egger’s tests. As shown in Figs. 3B and 4B, 
there was no publication bias for overall survival (Begg’s 
test, p = 0.436; and Egger’s test, p = 0.745) and disease-
free survival (Begg’s test, p = 0.089; and Egger’s test, 
p = 0.198).

We performed a sensitivity analysis of overall survival 
and disease-free survival to investigate the influence of 
each study on the pooled HR. As Figs. 3C and 4C show, 
we did not find any significant alteration in the pooled 
HR when omitting any single study sequentially, demon-
strating that the analyses were stable and credible.

Discussion
As the most frequent primary osteogenic tumor, osteo-
sarcoma is characterized as aggressive cancer with a high 
risk of distant metastasis. Although immune checkpoint 
inhibitors have recently revolutionized the treatment of 
a wide range of solid malignancies, they have demon-
strated limited efficacy in osteosarcoma [38–40]. There-
fore, the identification of other biomarkers related to the 
prognosis of osteosarcoma is crucially essential to the 
development of new potential therapeutic targets.

Angiogenesis is essential for the proliferation and 
metastasis of tumor cells [5]. In the past decades, VEGF 
has been the most studied biomarker of tumor neovas-
cularization for its crucial significance in angiogenesis 
and vasculogenesis [41]. Through binding to tyrosine 
kinases receptors, the VEGF signaling pathways play an 
important role in a variety of physiological and patho-
logical processes. In the process of tumorigenesis, the 
transcription of several hypoxia-related genes induces 
the expression of VEGF, mainly via VEGFR-2, to acti-
vate angiogenesis [42]. High levels of VEGF expression 
are  linked to endothelial barrier disruption in patho-
logical tumor conditions, promoting cancer distant 
metastasis [43, 44]. Furthermore, VEGF is involved in 
regulating the immune response of tumors. A variety of 
innate immune cells have been reported to secrete VEGF 
in the tumor microenvironment to reduce the immune 
response of immune cells to tumor tissue [45–47]. The 
upregulated VEGF expression was also reported to 
actively participate in tumor escape from immune sur-
veillance by suppressing the proliferation of T-cells and 
increasing the exhaustion of T-cells [48, 49].

Recently, it has been implicated that high expression 
of VEGF mediates metastasis and progression in many 
malignancies [7–9]. Several meta-analyses have previ-
ously assessed the clinical significance of VEGF expres-
sion in patients with osteosarcoma [12–14]. Nevertheless, 
Han et al. focused on the part of the clinicopathological 
characteristics of VEGF [12]. Researches on the prog-
nostic effect of VEGF expression had inconsistent results 
and did not pay attention to the quality evaluation, het-
erogeneity, and sensitivity analysis [13, 14]. Moreover, 
these researches were published 5 years ago. Limited to 
the relatively small number of studies, the conclusion was 
not robust, and some crucial clinicopathological features 
were not evaluated. Here, we conducted a comprehensive 
literature search to combine all relevant studies related 
to VEGF expression’s prognostic and clinicopathological 
value.

In the present meta-analysis study, we pooled 22 stud-
ies on VEGF expression in the prognosis or clinicopathol-
ogy of osteosarcoma patients. In terms of survival data, 
our findings revealed that overexpression of VEGF was 
associated with poor overall survival and disease-free 
survival. The analyses did not find significant heteroge-
neity or obvious publication bias, and sensitivity analysis 
showed our results were robust and reliable. Therefore, 
we supported the hypothesis that elevated VEGF expres-
sion predicted poor DFS. In terms of clinicopathological 
characteristics, similar to previous reports, VEGF over-
expression was related to a higher tumor grade and rate 
of metastasis but not associated with gender, age, tumor 
location, local recurrence, clinical stage and response to 
chemotherapy [12]. The results indicated that high levels 
of VEGF expression predict metastasis and an advanced 
stage of osteosarcoma. Additionally, previous meta-anal-
yses had not assessed the association between VEGF and 
MVD. In our study, VEGF overexpression had a marked 
effect on promoting vascularization in osteosarcoma. 
However, the results should be interpreted cautiously as 
only limited studies were included in the analyses, and 
more related research is needed.

This meta-analysis has some limitations. Firstly, the 
methods for identifying and evaluating VEGF expres-
sion varied among the eligible studies. Although most 
of these studies applied IHC, the varied antibodies 
and dilutions utilized may have contributed to hetero-
geneity. In addition, there were discrepancies in the 
definition of VEGF positive. The staining methods, the 
details of the IHC scoring criteria, and cutoff values 
varied across the included studies. Secondly, the cor-
relation between VEGF expression and some clinico-
pathological characteristics of osteosarcoma, such as 
tumor size, were not analyzed in our study due to the 
insufficient studies using the same criteria of tumor 
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Table 3 Pooled odds ratios of VEGF on clinicopathologic features in osteosarcoma

OR, odds ratio CI; confidence interval; SMD, standard mean difference; MVD, microvessel density; VEGF, vascular endothelial growth factor

Variables No. of studies Heterogeneity test Effect size Model Conclusion

I2  (%) p value OR/SMD 95%CI p value

Distant Metastasis 14 0.0 0.903 4.39 2.77–6.95  < 0.001 Fixed Significant

Clinical stage 7 0.0 0.635 0.22 2.25–9.55  < 0.001 Fixed Significant

MVD 3 78.0 0.011 3.33 1.57–5.10  < 0.001 Random Significant

Tumor location 4 0.0 0.828 0.799 0.39–1.63 0.538 Fixed Not significant

Gender 12 46.2 0.040 0.91 0.53–1.55 0.726 Random Not significant

Local recurrence 3 0.0 0.522 1.43 0.69–2.98 0.328 Fixed Not significant

Age 4 5.7 0.290 0.71 0.37–1.34 0.364 Fixed Not significant

Chemotherapy response 8 36.8 0.135 0.96 0.63–1.45 0.832 Fixed Not significant

Fig. 3 Pooled analysis for the association between VEGF overexpression and Overall survival. A Forest plots. B Funnel plots. C Sensitive analysis. OS, 
overall survival; OR, odds ratio; CI, confidence intervals; s.e., standard error
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size. Furthermore, when the results of the multivari-
ate survival analysis were reported, the survival data 
were extracted directly. When not stated in the origi-
nal articles, the HRs with their corresponding 95% CIs 
were calculated through the reconstruction of sur-
vival curves, which may affect the robustness of the 
pooled overall survival and disease-free survival. In 
order to eliminate bias, more precise data extraction 
methods or better study quality were needed. Lastly, 
although this study comprised more than 1000 osteo-
sarcoma patients, future studies with larger sample 
sizes are necessary to further elucidate the association 
between VEGF and prognosis and clinicopathological 
characteristics.

Conclusion
This meta-analysis indicated that elevated VEGF expres-
sion was correlated with adverse osteosarcoma clinico-
pathological features and poor prognosis. Our results 
suggest that VEGF is a predictive biomarker in patients 
with osteosarcoma. However, further large-scale, pro-
spective research is required to validate our results.

Abbreviations
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