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Abstract: The objective of this study was to perform a meta-analysis and literature review on the predictive role
of vascular endothelial growth factor (VEGF) in prostate cancer. A detailed literature search was performed using
PubMed and Embase databases for related research publications written in English. Methodological quality of the
studies was also evaluated. Data was collected from studies comparing overall survival (OS), progression-free sur-
vival (PFS), disease-free survival (DFS), biomedical failure (BF) and cancer-specific survival (CSS) in patients with
elevated VEGF levels and those having lower levels. The hazard ratio (HR) and its 95% confidence interval (Cl) were
used to assess the strength of associations. A total of 12 studies (n = 1,737) were included in this meta-analysis (4
for OS, 3 for CSS, 2 for DFS, 4 for BF, and 4 for PFS). For OS, DFS and PFS, the pooled HR for VEGF was not statisti-
cally significant at 1.30 (95% ClI, 0.74-2.29), 0.80 (95% Cl, 0.57-1.13) and 1.04 (95% ClI, 0.93-1.16), respectively.
However, for CSS and BF, the pooled HR was 2.32 (95% Cl, 1.20-4.46) and 1.30 (95% Cl, 1.06-1.59), respectively.

Our results demonstrate that VEGF may have a critical prognostic value in patients with prostatic cancer.
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Introduction

Prostate cancer (PCa) is the most commonly
diagnosed cancer and second leading cause of
death in men [1]. While many men present with
localized and potentially curable disease, the
majority of deaths from PCa result from lym-
phatic and hematogenous dissemination of
tumor cells, which gives rise to metastases. It
is difficult for clinicians to estimate survival in
patients with newly diagnosed PCa, and uncer-
tainty therefore exists about the optimal treat-
ment [2], especially for men with localized dis-
ease. Therefore, more accurate PCa prognosis
and predictive markers should be used to guide
therapy and monitor disease progress in indi-
vidual patients.

Although current clinical strategies for evaluat-
ing PCa prognosis include Gleason grade, TNM
stage, surgical margin status, performance sta-
tus, hemoglobin (Hgb), weight loss and serum
prostate-specific antigen (PSA) levels [3, 4],
better prognostic markers are required to iden-

tify both high- and low-risk patients for whom
therapy could be more specifically tailored.

Angiogenesis plays an important role in the
development and recruitment of new blood ves-
sels, and it is necessary for tumor growth and
metastasis [5, 6]. Vascular endothelial growth
factor (VEGF), originally known as vascular per-
meability factor, is one of the most potent and
well-characterized proangiogenic factors. It
plays a crucial role in tumor neovascularization
by increasing blood vessel permeability and
endothelial cell growth, proliferation, migration,
and differentiation [7-9]. There is some epide-
miologic evidence suggesting that higher a
VEGF level is associated with a poorer progno-
sis in PCa patients, but previous studies inves-
tigating the relationship between higher VEGF
levels and PCa patients have reported inconsis-
tent findings [10-12]. Therefore, it is essential
to carry out a systematic meta-analysis to sum-
marize the global results and address the
inconsistencies in the literature. We conducted
a systematic review and meta-analysis to evalu-
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ate the overall risk of elevated VEGF and sur-
vival in PCa patients.

Materials and methods

This meta-analysis was performed according to
the Meta-analysis of Observational Studies in
Epidemiology Group (MOOSE) guidelines [13].

Publication search and inclusion criteria

We conducted a comprehensive literature
search using PubMed and Embase databases
from their inception through July, 2014. The fol-
lowing terms were used to identify relevant
studies: “VEGF or vascular endothelial growth
factor”, “prognosis”, and “prostate cancer”.
References of retrieved articles and reviews
were manually screened for additional studies.

The following inclusion criteria were used to
identify eligible studies: (1) VEGF expression
was measured; (2) full text articles in English;
(3) the potential association between pretreat-
ment VEGF and the survival outcome of PCa
patients was evaluated; (4) the risk point was
estimated and reported as a hazard ratio (HR)
that compared a higher VEGF level to a lower
VEGF level. Reviews, comments, laboratory
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Figure 1. Flow diagram of the
study selection process. HR =
hazard ratio.

reached.

A flow diagram of the study
selection process is shown in
Figure 1.

Data extraction and conver-
sion

The following items were col-

lected from each study: first

author's name, publication
year, country where the study was performed,
study design, number of patients, total sample
size, age, years of follow up and HR of elevated
VEGF for overall survival (0S), cancer-specific
survival (CSS), disease-free survival (DFS), bio-
medical failure (BF) and progression-free sur-
vival (PFS) and their 95% Cls. We collected the
HR and their 95% Cls from the original litera-
ture directly, and an HR of > 1 was associated
with a poorer outcome. When these data were
not directly reported, we extracted them from
the graphical survival plots when data was
available as Kaplan-Meier curves, and HR was
estimated, as previously described [14].

Statistical analysis

Cochran’s Q test and Higgins’ I-squared statis-
tics were used to verify the heterogeneity of the
combined HRs. A P value of < 0.05 suggested
significant heterogeneity among studies. We
used the random effects model (Der Simonian
and Laird method) if heterogeneity was
observed (P < 0.05). The random effects model
was also used in the absence of between-study
heterogeneity (P > 0.05). To validate the credi-
bility of outcomes in this meta-analysis, sensi-
tivity analysis was performed by sequential
omission of individual studies. We evaluated
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Table 1. Summery table of the meta-analysis

Author Year Country Study design Recrui.tment Age (median) Case Treatment setting Measure- Cutoff expljtlagsrs]ion Survivgl
period ment of VEGF analysis
Wang Q 2013 China Retrospective 1982-2007 34-85(65.83) 148 Prostatectomy IHC Low VS high 98 CSS
Vergis R 2008 UK Prospective  1995-2002 50-80 (67) 201 Radiotherapy IHC Low VS high 34 BF
Vergis R 2008 UK Prospective  1995-2005 45-78 (61) 278  Prostatectomy IHC Low VS high 14 BF
West AF 2001 UK Prospective  1989-1994 49-90 57 Prostatectomy IHC Low VS high 32 CSS
Shariat SF 2004 USA Prospective  1994-1995 40-80 (62.6) 215 Prostatectomy ELISA 9.9 pg/mi _ PFS
Pan L 2013 Canada Retrospective -1991 55-81 (71) 103 Radiotherapy IHC 0-1vs. 2-3 54 OS DFS BF
George DJ 2001 USA Prospective  1996-1998 62-75(68) 197 Hormone therapy ELISA 260 pg/ml 16 oS
Bok RA 2001 USA Prospective _ 63-76 (70) 100 Hormone therapy urine ELISA 28 pg/ml 50 oS
Green MM 2007 UK Retrospective 1995-2000 _ 50 Radiotherapy IHC Low VS high 28 CSS
Peyromaure M 2007 France Prospective 2005.06-11 57-68 (62) 89 Prostatectomy IHC Low VS high 36 PFS
Fukuda H 2007 Japan Retrospective 1997-2003 5-83 (71) 58 Prostatectomy IHC Low VS high _ PFS
Weber DC 2012 Switzerland Prospective  1994-2004 56-81(69.1) 103 Radiotherapy IHC Low VS high 76 PFS
Mori R 2010 USA Retrospective 1972-1999 _ 138  Prostatectomy PCR 10.35 44 OS DFS BF

Abbreviations: CSS, cancer-specific survival; PFS, progression-free survival; OS, overall survival; DFS, disease-free survival; BF, biomedical failure; IHC, immunohistochemistry; ELISA,
enzyme-linked immunosorbent assay; PCR, polymerase chain reaction; (-), not reported.
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Study %
D HR (95% CI) Weight
0s :
Pan L (2013) —_— 1.31(0.85,203) 27.06
George DJ (2001) —— 242(1.29,454) 23.03
Bok RA (2001) —_——— 1.72(1.09,271) 2665
MoriR (2010) —_— ‘ 0.51(0.27,093) 2326
Subtotal (l-squared = 78.5%, p = 0.003) —T o 1.30(0.74,229) 100.00
PFS
Shariat SF (2004) . 1.01(1.00,1.01) 87.30
Peyromaure M (2007) —p— 1.38(099,194) 965
Fukuda H (2007) l; 1.04 (0.44,248) 160
Weber DC (2012) 0.97(0.39,242) 1.45
Subtotal (l-squared = 9.6%, p = 0.345) 1.04 (0.93,1.16) 100.00
DFS T
MoriR (2010) —_— 066 (0.34,1.26) 2758
Pan L (2013) — 0.86 (0.57,1.29) 7242
Subtotal (-squared = 0.0%, p = 0.502) - e 0.80 (0.57,1.13) 100.00
css
Wang Q (2013) ————— 4 18 (2.17,8.05) 2838
West AF (2001) —_— : 1.34(1.07,1.73) 3764
Green MM (2007) —_— 260 (1.50,351) 3398
Subtotal (-squared = 86.5%, p = 0.001) —_—T - 232(1.20,4.46) 100.00
BF
Vergis R (2008) e 1.45(1.10,1.90) 2958
Vergis R (2008) —— 1.45(1.23,1.72) 4461
Pan L (2013) ——— 1.04(0.65,165) 1473
MoriR (2010) —_—t 0.84(0.48,1.45) 11.08
Subtotal (l-squared = 39.6%, p=0.174) <> 1.30 (1.06, 1.59) 100.00
NOTE: Weights are from random effects analysis
1 I
124 1 8.05

Figure 2. Forest plots of studies evaluating hazard ratios (HR) with 95% confidence interval (95% Cl) for high vas-
cular endothelial growth factor (VEGF) expression as compared with low expression. Survival data are reported as
overall survival, cancer-specific survival, disease-free survival, progression-free survival and biomedical failure.

the potential publication bias using a funnel
plot with the Egger’s bias indicator test [15].
Statistical analyses were carried out using the
statistical software Stata version 12.0 (Stata
Corp LP, College Station, TX, USA).

Results
Data retrieval

Sixty-nine potentially relevant records for VEGF
were initially identified after a search of the
PubMed and Embase databases. After careful-
ly reading the articles, 57 studies were exclud-
ed because they were review articles, letters,
non-English studies, laboratory studies, stud-
ies lacking some data or key information or
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studies irrelevant to the current analysis. One
study was excluded because the HR was miss-
ing [16]. There were 12 studies [10-12, 17-25]
included in this meta-analysis (Figure 1).
Notably, there were two publications that
involved three studies [12, 20] and one publica-
tion that involved two studies [10].

Study characteristics

The characteristics of selected studies are list-
ed in Table 1. We collected the data from 12
studies, which involved a total of 1,737
patients. Of these studies, 1 originated from
Japan [18], 4 from the United States [11, 12,
17, 22], 1 from China [23], 1 from France [21],
1 from Canada [20], 3 from UK [10, 19, 24] and
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1 from Switzerland [25]. The follow-up period
was stated in 10 studies and clarified the medi-
an follow-up period. The median follow-up peri-
od in all the studies ranged from 14 to 146.4
months. In each of the 12 articles (n = 1,737),
VEGF values were analyzed in different ways.
The VEGF level was measured by immunohisto-
chemistry (IHC) in 8 studies, by enzyme-linked
immunosorbent assay (ELISA) in 3 studies and
by polymerase chain reaction (PCR) in 1 study.
All articles related to IHC assessed and scored
the VEGF intensity. However, positive VEGF
staining in IHC was defined differently in vari-
ous studies. The treatments used in the 12
studies were also different. For example, in 7
studies, patients were treated with prostatec-
tomy, 4 studies used radiotherapy, and in the
other 2 studies, patients were treated with hor-
mone therapy. Seven of the studies were pro-
spective analyses and 5 were retrospective
analyses. Ten of the selected studies present-
ed HRs. In the remaining 2 studies, we calcu-
lated the HRs from the survival curves.

Overall survival

Because there was some evidence for hetero-
geneity in the studies evaluating the 0S (I? =
78.5%, P =0.003), the random model was used
to calculate the pooled HR and its 95% Cl. We
found that the increased VEGF level did not pre-
dict a worse outcome for OS with a pooled HR
estimate of 1.30 (95% Cl, 0.74-2.29) (Figure 2).
We then conducted a sensitivity analysis to
explore the heterogeneity among the studies
by omitting the studies one by one and repeat-
ing the meta-analysis. Heterogeneity became
insignificant with the removal of Mori et al. [12]
(> = 20.2%; P = 0.286), and the results were
substantially changed with an OR of 1.66 (95%
Cl, 1.21-2.29).

Disease-free survival and progression-free
survival

A random effects model was also used for
DFS and PFS, although the P values of be-
tween-study heterogeneity were 0.502 and
0.345 for DFS and PFS analyses, respectively.
As illustrated in Figure 2, the combined HR
of 0.80 (95% CI, 0.57-1.13) showed that the
high VEGF level did not predict a worse
outcome for DFS in PCa patients. In addition,
the pooled HR was 1.04 (95% CI, 0.93-1.16)
for the ability to evaluate PFS.
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From the above data, VEGF was shown not to
be a prognostic biomarker for OS, DFS and PFS
in PCa patients.

Cancer-specific survival and biomedical failure

For CSS and BF, a random effects model was
also used. The P values for between-study het-
erogeneity were 0.001 and 0.174 for CSS and
BF analyses, respectively. As illustrated in
Figure 2, the combined HR of 2.32 (95% ClI,
1.20-4.46) showed that high VEGF levels had a
significant relationship with CSS in PCa
patients. A sensitivity analysis was thus con-
ducted to explore the heterogeneity among the
studies. When we omitted the studies one by
one and repeated the meta-analysis, heteroge-
neity became insignificant with the removal of
West et al. [24] (I? = 29.3%; P = 0.234), and the
results were substantially changed with an OR
of 3.08 (95% Cl, 1.97-4.80). The pooled HR was
1.30 (95% Cl, 1.06-1.59) for the ability to evalu-
ate BF.

From the above data, VEGF was shown to be a
prognostic biomarker for CSS and BF in PCa
patients.

Publication bias

Funnel plots and Egger’'s test were used to
assess the publication bias of the studies that
were included in this meta-analysis. As shown
in Figure 3, four of the funnel plots were sym-
metrical. There was no evidence for significant
publication bias for OS, CSS, PFS and BF
because the P value for Egger’'s regression
intercepts was greater than 0.05 (P = 0.757, P
=0.096, P =0.434 and P = 0.080, respective-
ly). However, because there were only two stud-
ies for DFS, we did not perform a funnel plot to
display publication bias.

Discussion

To date, clinically approved biomarkers have
been identified to guide treatment and predict
outcomes in several solid tumors. PSA, pros-
tate-specific membrane antigen and prostate
stem cell antigen are currently used in routine
pathological assessment of PCa patients. Many
clinical studies have indicated that C-reactive
protein (CRP), pAKT, nuclear factor-kB (NF-kB),
macrophage inhibitory cytokine-1 (MIC-1),
matrix metalloproteinase (MMP)-1 and MMP-9
are associated with survival in PCa patients

Int J Clin Exp Med 2015;8(2):2289-2298
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Figure 3. Funnel plots of studies included in the 4 meta-analyses: A. Overall survival. B. Progression-free survival. C. Cancer-specific survival. D. Biomedical failure.
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[26-28]. In addition, autophagy defects have
been shown to be closely associated with sur-
vival in PCa patients [29]. A recent study
showed that higher VEGF and MMP-9 expres-
sion predicts the presence and extent of axil-
lary lymph node metastasis in breast cancer
[30]. Using immunohistochemical staining and
rapid colorimetric in situ hybridization, Kuniyasu
et al. [30] found that VEGF expression and the
PCa Gleason score were closely linked.
However, previous studies have reported that a
higher VEGF level was significantly associated
with a worse outcome in PCa patients [10, 11],
but other studies did not show any significant
link between VEGF and survival in these
patients [12]. Therefore, it was essential to
analyze the combined data to obtain accept-
able results.

Wang et al. [31] systematically reviewed the
data and found that VEGF showed a promising
association with PCa outcomes. In our meta-
analysis, a high VEGF-expression in PCa was
shown to be a poor prognostic factor, with sta-
tistical significance for OS but not PFS. However,
the number of studies included in these analy-
ses was relatively small and the results might
not have sufficient power. In addition, Wang et
al. assessed only the relationship between
VEGF expression and OS and PFS in PCa
patients. Thus, we performed this updated
meta-analysis that included 12 publications,
and demonstrated that high a VEGF expression
level was a significant marker for predicting OS,
CSS and BF in PCa patients.

VEGF is a multifunctional cytokine that can
increase microvascular permeability [32] and
stimulate endothelial cell growth and angiogen-
esis [33-36]. Several factors can influence
VEGF expression, including hypoxia [37] and
transforming growth factor-B [38]. Once VEGF
binds to VEGF receptors, receptor dimerization
and autophosphorylation is induced and down-
stream signaling via several secondary mes-
sengers, including several protein kinases and
phosphatases, is activated. This supports a
proangiogenic phenotype [39].

VEGF polymorphism increases the risk of epi-
thelial ovarian cancer [40]. Two meta-analyses
showed the associations between three VEGF
polymorphisms and the risk of PCa. In one
meta-analysis, VEGF rs833061, rs3025039
and rs2010963 were not associated with risk
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of PCa [41]; in the other study, VEGF 1154G/A
and 2578C/A polymorphisms were also not
associated with PCa risk [42].

Our systematic review found that higher VEGF
expression was not associated with OS, PFS
and DFS in PCa patients. Conversely, a higher
VEGF expression level was associated with CSS
and BF. The OS indicates that a higher VEGF
expression is unlikely to have a substantial
association with PCa. However this overall
result was heterogeneous, and a sensitivity
analysis found that the heterogeneity was driv-
en by the study by Mori et al. [12]. This study
was methodologically different from the other
studies included in the OS meta-analysis (VEGF
expression in surgical specimens detected
using RT-PCR), and the HR was found to be less
than 1.

Our DFS meta-analysis also found no significant
association between higher VEGF expression
and the PCa prognosis. However, this meta-
analysis had only two studies, so further
research on DFS and PCa patient prognosis is
required. Our data showed that the VEGF level
was not associated with PFS. Although the data
was not significantly heterogeneous, the treat-
ment methods used in the four studies were all
different. For example, in one study, patients
were treated with radiotherapy [25]and in three
studies, prostatectomy was used [17, 21, 22].

High VEGF levels were found to be associated
with CSS and BF in our study. However, this
CSS result was heterogeneous, and a sensitiv-
ity analysis found that the heterogeneity was
driven by West et al. [25]. After removing West
et al. [25], this result became more significant.

Several limitations of this study should be con-
sidered. First, the publications retrieved in our
study were limited to those written in English,
suggesting that there may be a language bias.
Second, heterogeneity among some of these
studies were relatively large, which might be
caused by baseline characteristics of the
patients, such as age, different countries, his-
tological type of cancer, adjuvant treatment,
the duration of follow-up and adjustments for
other cofactors. Third, a key limitation is retro-
spective study design. In the current meta-
analysis, only seven studies used a prospective
design. Forth, in the absence of directly-report-
ed HR values, HR extrapolation from survival
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curves introduced an element of decreased
reliability.

In conclusion, the evidence from the meta-
analysis indicated that high VEGF expression
was somewhat associated with worse PCa sur-
vival. VEGF was a strong predictor of 0OS, CSS
and BF outcomes. However, our results should
be considered with caution due to the limita-
tions listed above. To better understand and
use VEGF as biomarkers in the clinical, further
research with standardized, unbiased methods
and larger, worldwide sample sizes are required.
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