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Abstract. The vascular endothelial growth factor (VEGF)
-2578C/A polymorphism has been previously reported to be
associated with cancer risk; however, the results have been
controversial. Therefore, the aim of the present study was to
explore the association between the VEGF -2578C/A poly-
morphism with the cancer risk. A total of 37 case-control
studies were identified. The pooled analysis showed that there
was no association between VEGF -2578C/A and the risk of
cancer, and the odds ratios (ORs) [with the corresponding
95% confidence intervals (95% Cls)] were 0.97 (0.91-1.04)
for C vs. A, 0.94 (0.86-1.02) for CC vs. AA, 0.92 (0.80-1.06)
for CA vs. AA, 0.96 (0.89-1.03) for CC/CA vs. AA and
0.97 (0.88-1.08) for CC vs. CA/AA. Subgroup analyses
according to ethnicity, source of control and type of cancer
showed that the VEGF -2578C/A polymorphism is associated
with colorectal and lung cancers. Additionally, the polymor-
phism may decrease the risk of cancer in the Asian population.
This VEGF polymorphism was not associated with a risk of
cancer for the Caucasian [0.92 (0.76-1.11) for CC vs. AA] and
African populations [1.31 (0.67-2.58) for CC vs. AA], and it
was not associated with bladder [1.06 (0.74-1.53) for CC/AA]
and breast cancers [1.01 (0.90-1.15) for CC/AA]. Therefore, the
present meta-analysis indicates that VEGF -2578C/A may only
be associated with the risk of colorectal cancer, lung cancer
and the Asian population. More studies with larger sample
sizes are required to provide more conclusive evidence.

Introduction

Cancer has become one of the leading causes of mortality world-
wide due to genetic and environmental factors. However, the exact
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mechanism of carcinogenesis remains largely unknown (1). With
research developing, it is becoming clear that the characteristics
of cancer, which are founded on genome instability, include main-
taining proliferative signaling, enabling replicative immortality,
inducing angiogenesis, invasion and metastasis, reprogramming
the energy metabolism, evading growth suppressors, resisting
cell death and evading immune destruction (2). Recently, it has
become evident that genetic variation plays a significant role in
the development and progression of cancer. More studies based
on gene polymorphisms have proved that the polymorphisms
may contribute to the cancer risk (3).

Vascular endothelial growth factor (VEGF) plays a key role
in a number of pathological processes, including angiogenesis,
tumor growth and metastasis. VEGF plays an important role in
tumor angiogenesis through promoting endothelial cell growth
and migration (4). The human VEGF gene is located on chro-
mosome 6p21.3 and includes a 14-kb coding region with eight
exons and seven introns (5). Certain polymorphisms have been
identified in the VEGF gene. In order to evaluate the association
between the VEGF polymorphism with the various types of
cancer risk, numerous molecular epidemiological studies have
been performed in different populations recently (6). However,
there were no clear conclusions due to inconsistent statistical
results. Some of these conclusions may ascribe to the possible
small influence of the gene polymorphism on the cancer risk
and others may be caused by the relatively small samples in
these published studies. Specific meta-analyses analyzed the
association for only one type of cancer, including colorectal,
lung or bladder cancer. Therefore, a relatively comprehensive
meta-analysis was performed, including the most recent and
relevant studies to provide more accurate statistical evidence for
the association between the VEGF polymorphism and risk of
the types of cancer that have been studied (7-40). Meta-analysis
can alleviate the problems caused by small samples and deficient
statistical genetic studies of multiple traits. Therefore, it can
provide more reliable results than a single case-control study.
The aim of the present study was to utilize the meta-analysis to
summarize the relevant studies regarding the VEGf -2578C/A
polymorphism and the risk of cancer.

Materials and methods

Identification and eligibility of relevant studies. The relevant
studies that were published by August 23, 2013 were identified
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using the Embase, PubMed, Web of Science and Chinese
National Knowledge Infrastructure databases. The following
terms were used in the search: ‘Genetic polymorphism’, ‘poly-
morphism’ or ‘genetic variants’; “VEGF’ or ‘vascular endothelial
growth factor’; and ‘cancer’ or ‘carcinoma’. The case-control
and cohort studies that explored the association between the
VEGEF polymorphism and cancer risk with genotyping data
were included. All the eligible studies were reviewed and only
the published studies were included in the meta-analysis. For
studies in which the data partly overlapped, only the most recent
or complete studies were included. When the same sample was
applied to several different studies, the most integrated data was
selected following careful examination.

Inclusion and exclusion criteria. The studies that were
included in the meta-analysis met the following criteria:
i) Case-control studies focused on the associations between
the VEGF -2578C/A polymorphism and cancer risk; ii) all the
patients were diagnosed by pathological or histological exami-
nations; iii) the frequencies of the genotypes in cancer cases
and controls could be extracted; and iv) published in English
or Chinese. The excluded studies were: i) Not case-control
studies; ii) published in a language other than English or
Chinese; and iii) were letters, reviews, meta-analyses or edito-
rial studies.

Data extraction. The data were independently extracted
from all the eligible studies by two investigators according
to the aforementioned inclusion criteria. From each study,
the following information was extracted: First author's name,
year of publication, country, ethnicity, type of cancer, DNA
sample, source of controls, study design, methods and total
number of cases and controls. Ethnicity was categorized as
the ‘Caucasian,” ‘African,” (including African-Americans)
and ‘Asian’ populations. One study did not state the included
ethnic groups according to phenotype, and therefore, the
sample was known as ‘mixed’ (29). However, each control
was individually matched to a case with regards to birth
date (6 months), date of blood collection (6 months) and
ethnicity (Caucasian, African-American, Hispanic, Asian
and other/unknown). Furthermore, the studies investigating
more than one type of cancer were considered as individual
data sets only in the subgroup analyses by the type of cancer.
There was no definition as to the minimum number of patients
that were included in the present meta-analysis. The studies
that reported different ethnic groups and countries or loca-
tions, were considered as separate study samples for each
aforementioned category.

Statistical analysis. The statistical analyses were performed
using Stata software (version 9.0; StataCorp, College Station,
TX, USA). Heterogeneity among the various studies was
assessed by the Q-statistic and quantified by calculating the
I value. According to the Q-statistic, heterogeneity was signifi-
cant when P<0.10. Among the studies, the I? value demonstrated
the percentage of variation associated with heterogeneity,
instead of chance. No heterogeneity was observed when
1’=0%, and 0-25% accounted for low, 25-50% for moderate
and 50-75% for high heterogeneity. Consistent with published
recommendations (29) for the quality assessment in genetic
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Figure 1. Flowchart for the selection of the primary studies in the present
meta-analysis. VEGF, vascular endothelial growth factor.

association meta-analyses, three genetic models were selected:
Allele (C vs. A), for homozygote (CC vs. AA) and heterozygote
comparisons (CA vs. AA); dominant (CC+CA vs. AA); and
recessive models (CC vs. CA+AA), to prevent the use of the
wrong genetic model. For each study, the odds ratio (OR),
together with the corresponding 95% confidence interval
(95% CI), was calculated to assess the association between the
VEGF polymorphism and the risk of cancer. Meta-analysis
was performed for the polymorphisms that had been inves-
tigated in at least two studies. The overall estimate of risk
(OR) was calculated by a fixed-effects (Mantel-Haenszel) or a
random-effects model (DerSimonian-Laird) according to the
presence (P<0.10 or I*>50%) or absence (P>0.10 or I°<50%)
of heterogeneity, respectively. In addition to the comparison
among all the groups, subgroup analysis was performed in
correlation with the type of cancer and ethnicity. The signifi-
cant differences in genotype and allelic frequency between
the two groups were determined using the %> test. In order to
exclude the allele frequencies in the controls, deviating greatly
from the Hardy-Weinberg equilibrium, the ¥ test (minimum
Pearson y* estimate) was performed in the sensitivity analysis
and deviation was considered when P<0.01. All the statistical
tests were two-sided and P<0.05 was considered to indicate a
statistically significant difference.

Results

Characteristics of studies. According to the inclusion and
exclusion criteria, 37 case-control studies were included that
ranged between 2002 and 2013 (Fig. 1). Among these studies,
17 were studies of the Caucasian population and 18 were
of the Asian population. All the patients were diagnosed
histologically or pathologically. Blood samples were used
for genotyping in 30 studies and tissue samples were used
in eight studies. A total of 20 studies used hospital-based
controls, whereas 15 studies used population-based controls.
The polymerase chain reaction-restriction fragment length
polymorphism assay was used for genotyping in 13 studies,
whereas the TagMan assay was used in 11 studies. The details
of the included studies are summarized in Table I.
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Table I. Characteristics of the primary studies in the meta-analysis.

DNA  Source of  Study

First author Year Country Ethnicity ~ Cancer type sample  control design Methods Case,n Control,n (Refs.)

Howell 2002 UK Caucasian CMM Tissue Unknown Case-cont Unknown 134 266 (15)

Kim 2005 Korea Asian Bladder Blood HB Case-cont TagMan 153 153 (41)

Jin 2005 Poland Caucasian Breast Tissue PB Case-cont PCR-RFLP 411 423 (21)

2005 Germany Caucasian Breast Tissue PB Case-cont PCR-RFLP 153 162
2005 Sweden Caucasian Breast Tissue PB Case-cont PCR-RFLP 939 940

Jacobs 2006 America Mixed Breast Blood PB Case-cont TagMan 498 495 (18)

Hofmann 2008 Austria Caucasian Colorectal Blood PB Case-cont TagMan 433 427 (14)

Nikiteas 2007 Greece Caucasian Gastric Blood HB Case-cont PCR 100 100 (32)

Hsiao 2007 Taiwan Asian Thyroid Blood HB Case-cont TagMan 297 249 (16)

Park 2007 Korea Asian Colorectal Blood HB Case-cont PCR 203 246 (33)

Pharoah 2005 UK Caucasian Breast Unknown PB Case-cont TagMan 2015 2139 (34)

Nasr 2008 Tunisia African  Nasopharyngeal Blood HB Case-cont PCR-RFLP 163 169 (31)
carcinoma

Diao 2009 China Asian Non-Hodgkin's Blood HB Case-cont PCR-RFLP 431 172 (11)
lymphoma

Ke 2008 China Asian Gastric Blood PB Case-cont PCR-RFLP 540 561 (23)

Dassoulas 2009 Greece Caucasian Colorectal Tissue HB Case-cont TagMan 312 362 )

Maltese 2009 Italy Caucasian Colorectal Blood PB Case-cont PCR 302 115 (28)

Liang 2009 China Asian Lung Blood HB Case-cont PCR-RFLP 171 172 27)

Wu 2009 China Asian Hepatocellular  Blood HB Case-cont TagMan 92 99 (39)
carcinoma

Zhang 2011 China Asian Colorectal Blood HB Case-cont PCR-RFLP 110 110 (40)

Li 2010 China Asian Ovarian Blood PB Case-cont PCR-RFLP 303 303 (26)

Kammerer 2013 Germany Caucasian Oral squamous Blood HB Case-cont RT-PCR 80 40 (22)
cell carcinoma

VanCleave 2010 America African  Prostate Blood HB Case-cont TagMan 190 635 (37)

Wang 2011 China Asian Nasopharyngeal Blood HB Case-cont PCR-RFLP 156 161 (38)
carcinoma

Galimberti 2010 Italy Caucasian Mantle cell Blood PB Case-cont RT-PCR 32 58 (12)
lymphoma

Kim 2010 Korea Asian Cervical Blood HB Case-cont PCR 199 211 24)

Ajaz 2011 Pakistan Asian Renal cell Blood PB Case-cont TagMan 143 106 (7)
carcinoma

Jang 2013 South Korea Asian Colorectal Blood HB Case-cont PCR-RFLP 390 492 (20)

Supic 2012 Serbia Caucasian Oral squamous Blood PB Case-cont TagMan 114 126 (36)
cell carcinoma

Henriquez- 2012 Spain Caucasian Bladder Blood HB Case-cont PCR-RFLP 59 43 (13)

Hernéndez

Sdenz-Lépez 2013 Spain Caucasian Renal cell Tissue HB Case-cont RT-PCR 216 272 (35)
carcinoma

Li 2012 China Asian Lung Blood HB Case-cont PCR-RFLP 150 150 (25)

Jaiswal 2013 India Asian Bladder Blood HB Case-cont PCR-RFLP 250 200 (19)

Moon 2013 India Asian Colorectal Blood PB Case-cont PCR 390 492 (20)

lanni 2013 Italy Caucasian Prostate Blood PB+HB Case-cont TagMan 224 156 17)

Martinez-Fierro 2013 Mexico Caucasian Prostate Tissue Unknown Case-cont PCR-RFLP 77 172 29)

Mishra 2013 India Asian Bladder Blood HB Case-cont PCR 195 300 (30)

Liang 2009 China Asian Lung Blood PB Case-cont PCR 171 172 27)

Deng 2014 China Asian Lung Blood PB Case-cont PCR 65 110 (10)

Antonacopoulou 2011 Greece Caucasian Colorectal Tissue Unknown Case-cont PCR 222 263 8)

CMM, cutaneous malignant melanoma; Case-cont, case-control; HB, hospital-based; PB, population-based; PCR-RFLP, polymerase chain reaction-restriction
fragment length polymorphism; RT, reverse transcription.

Quantitative data synthesis. The summary of the meta-anal-  when the heterogeneity was evident under the genetic models
ysis of the associations between VEGF -2578C/A and cancer  (P>0.05), otherwise the fixed-effects models was used. When
risk is shown in Table II. The random-effects model was used  all the eligible studies were pooled, no significant association
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Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Fixed, 95% CI MH, Fixed, 95% CI
1.2.1 Bladder Cancer
Jaigwal 2013 1.5% 1.1898 [0.6131, 2.3089) T
Kim 2005 0.8% 1.2151 [0.5107, 28913) e
Henriquez-Hernandez 2012 0.4% 2.2517 [0.7942, 6.3846] I
Mishra 2013 2.4% 0.7237 [0.4058, 1.2905] ey
Subtotal (95% CI) 5.1% 1.0624 [0.7397, 1.5258] R 4
Total events

Heterogeneity: Chi*= 3.89, df= 3 (P = 0.27), I7= 23%
Test for overall effect Z=0.33 P = 0.74)

1.2.2 Breast cancey

Jacobs 2006 5.2% 1.2288 [0.8682, 1.7391) ™
Jin 20051 5.0% 0.9636 [0.6607, 1.4054) T
Jin 20052 1.8% 1.0353 [0.5620, 1.9070] -T-
Jin 20053 11.0% 1.0039 [0.7811, 1.2902) T
Pharoah 2005 23.8% 0.9807 [0.8260, 1.1644] !
Subtotal (95% CI) 46.8% 1.0140 [0.8981, 1.1449] 1
Total events

Heterogeneity: Chi*= 1.40, df= 4 (P = 0.84); I*=0%
Test for overall effect Z=0.22 P =0.82

1.2.3 Colorectal Cancer
Antonacopoulou 2011 3.5% 0.5565 [0.3323, 0.9321)

Dassoulas 2009 37% 0.7082 [0.4423, 1.1339] ]
Hofmann 2008 5.0% 0.7647 [0.5125, 1.1410] -
Jang 2013 22% 1.0349 [0.5930, 1.8061] e
Maltese 2009 21% 0.4922 [0.2395, 1.0115] e
Park 2007 0.9% 1.5061 [0.6975, 3.2519] T
Zhang 2011 1.4% 0.4007 [0.1615, 0.9948] /]
Subtotal (95% CI) 18.7% 0.7269 [0.5900, 0.8955] 4
Total events

Heterogeneity: Chi*= 8.86, df= 6 (P = 0.18); "= 32%
Test for overall effect: Z=3.00 = 0.003)

1.2.4 Lung Cancer

Deng 2014 0.7% 0.4892 [0.1499, 1.5965] —_—
Li 2012 1.0% 0.2372 [0.0649, 0.8575] _—
Liang 20091 1.1% 0.3291 [0.1053, 1.0288) E
Liang 20092 1.1% 0.3291 [0.1053, 1.0288] —
Subtotal (95% Cl) 3.0% 0.3321[0.1846, 0.5976] 4
Total events

Heterogeneity: Chi*= 067, df= 3 (P=0.88);,1*=0%
Test for overall effect Z = 3.68 (P = 0.0002)

1.2.5 Others
Ajaz 2011 2.0% 0.4474[0.2178, 0.9192) —r

Martinez-Fierro 2013 0.2% 6.3429 [1.4203, 28.3272)

Galimberti 2010 0.0% 71.6667 [3.7646, 1364.2998) ——
Howell 2002 1.9% 1.4658 [0.8495, 2.5292) I

Hsiao 2007 1.9% 0.6284 [0.3188, 1.2386) 1

Ke 2008 26% 0.8164 [0.4732, 1.4087) -1

Kim 2010 0.6% 2.3357 [0.9395, 5.8070] I

lanni 2013 2.8% 0.6691 [0.3819, 1.1723) -

Li2010 1.7% 0.7257 [0.3639, 1.4470) T

Nasr 2008 1.5% 1.8135 [1.0025, 3.2803) e

Nikiteas 2007 1.0% 1.6289 [0.7711, 3.4411) T
Saenz-Lopez 2013 2.9% 0.7744 [0.4590, 1.3064) -

Kammerer 2013 1.0% 0.5833 [0.2287, 1.4877) e

Supic 2012 1.3% 0.7773[0.3617, 1.6703) -

VanCleave 2010 1.5% 0.9069 [0.4569, 1.8004] -

Wang 2011 0.9% 0.6894 [0.2662, 1.7850) —T

Wu 2009 0.4% 0.6207 [0.1324, 2.9099) —_T

Diao 2009 1.2% 1.1814 [0.5690, 2.4529) .

Subtota (95% CI) 25.5% 1.0092 [0.8559, 1.1899] 1

Total events

Heterogeneity: Chi*= 38.54, df= 17 (P = 0.002); F = 56%

Test for overall effect Z=0.11 P = 0.91)

Total (95% CI) 100.0% 0.9350 [0.8590, 1.0176] L

Total events

Heterogeneity: Chi*= 71.80, df= 37 (P = 0.0005); F= 48% :001 u:1 3 150 1m:

Test for overall effect Z=156 P =012

Test for subaroun diferences: Chi*= 2053, df= 4 (P = 0.0004). I* = 80.5% o B L B

Figure 2. Forest plot of the cancer risk associated with vascular endothelial growth factor -2578C/A in various types of cancer [homozygote comparison
(CC vs. AA)]. CI, confidence interval.

was observed between the VEGF -2578C/A polymorphism and In the stratified analysis by ethnicities, the VEGF -2578 C/A
the risk of cancer (CC vs. AA: OR,0.4; 95% CI,0.86-1.02; P=0  polymorphism was associated with a significant decrease risk
for heterogeneity) (Fig. 2) or recessive model (CC vs. CA/AA:  in the Asian population in the three tested models (C vs. A:
OR, 0.97; 95% CI, 0.88-1.08; P=0 for heterogeneity). OR, 0.93; 95% CI, 0.87-1.00; P=0.07 for heterogeneity;
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Odds Ratio Qdds Ratio
Study or Subgroup Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
1.5.1 African
MNasr 2008 1.5% 1.8135[1.0025, 3.2803) —
VanCleave 2010 1.5% 0.9069 [0.4569, 1.8004] BN
Subtotal (95% CI) 3.0% 1.3525 [0.8598, 2.1277]
Total events

Heterogeneity: Chi*= 2.25, df=1 (P=0.13); I*= 55%
Test for overall effect Z=1.31 P =0.19)

1.5.2 Asian

Deng 2014 2.0% 0.4474 [0.2178, 0.9192) ™
Hsiao 2007 0.7% 0.4802 [0.1498, 1.5065] —
Jaiswal 2013 2.0% 0.6284 [0.3188, 1.2386] -1
Jang 2013 1.5% 1.1898 [0.6131, 2.3089] -
Ke 2008 2.2% 1.0349 [0.5930, 1.8061] T
Kim 2005 2.6% 0.8164 [0.4732, 1.4087) -T
Kim 2010 0.9% 1.2151 [0.5107, 2.8913] T
Li2010 0.6% 2.3357 [0.9395, 5.8070) —
Liz2012 1.7% 0.7257 [0.3639, 1.4470] -
Liang 20091 1.0% 0.2372 [0.0649, 0.8675) .
Liang 2009-2 1.1% 0.3291 [0.1053, 1.0288] ]
Mishra 2013 1.1% 0.3291 [0.1053, 1.0286) —
Park 2007 2.5% 0.7237 [0.4058, 1.2905] -T
Wang 2011 1.0% 1.5061 [0.6975, 3.2519] T
WWu 2009 0.9% 0.6894 [0.2662, 1.7850] =
Diao 2009 0.4% 0.6207 [0.1324, 2.9099] -1
Zhang 2011 1.2% 1.1814 [0.5690, 2 4529) T
Subtotal (95% CI) 23.4% 0.8074 [0.6723, 0.9698] L
Total events

Heterogeneity: Chi*= 2416, df= 16 (P = 0.09), F=34%
Test for overall effect: Z=2.29 P = 0.02)

1.5.3 Caucasian
Antonacopoulou 2011 3.5% 0.5565 [0.3323, 0.9321]

R

Dassoulas 2009 3.8% 0.7082 [0.4423, 1.1339]
Martinez-Fierro 2013 0.2%  6.3429 [1.4203, 28,3272 —_—
Galimberti 2010 0.0% 71.6667 [3.7646, 1364.2098] e
Hofrann 2008 5.0% 0.7647 [0.5125, 1.1410] -

Hawell 2002 2.0% 1.4658 [0.8495, 2.5292] -

Jin 20051 5.0% 0.9636 [0.6607, 1.4054] T

Jin 20052 1.9% 1.0353 [0.5620, 1.8070] -

Jin 20053 11.2% 1.0039 [0.7811, 1.2902] T

lanni 2013 2.8% 0.6691 [0.3818, 1.1723] —
Henriquez-Hernandez 2012 0.4% 2.2517 [0.7942, 6.3346] i

Matese 2009 21% 0.4922 [0.2395, 1.0115] —

Nikiteas 2007 1.0% 1.6289 [0.7711, 3.4411] ™

Saenz-Lopez 2013 2.9% 0.7744 [0.4590, 1.3064] -T

Kammerer 2013 1.1% 0.5833 [0.2287, 1.4877] —T

Pharoah 2005 24.1% 0.9807 [0.8260, 1.1644] d

Supic 2012 1.4% 0.7773 [0.3617, 1.6703] =T

Subtotal (95% Cl) 68.3%  0.9486 [0.8559, 1.0513]

Total events

Heterogeneity: Chi*= 35.24, df= 16 (P = 0.004), I* = 55%
Test for overall effect: Z=1.01 P =0.31)

1.5.4 Others
Jacobs 2006 5.3% 1.2288 [0.8682, 1.7391] -
Subtota (95% CI) 5.3% 1.2288 [0,8682, 1.7391] »
Total events

Heterogeneity: Not applicable
Test for overall effect Z=1.16 (P = 0.29)

Total (95% CI) 100.0% 0.9425 [0.8656, 1.0263]

Total events

Heterogeneity: Chi*= 68.50, df= 36 (P = 0.0009); *= 47%

Test for overall effect. Z=136 P =0.17)

Test for subaroun differences: Chi*=7.43. df= 3 (P=0.06). F=59.7%

0001 01 1 10 1000
Favours [case] Favours [control

Figure 3. Forest plot of the cancer risk associated with vascular endothelial growth factor -2578C/A in various ethnicities [homozygote comparison (CC vs. AA)].
CI, confidence interval.

CC vs. AA: OR, 0.78; 95% CI, 0.66-0.94; P=0.07 for hetero-  for heterogeneity; CA vs. AA: OR, 0.79; 95% CI, 0.66-0.95;
geneity; and dominant model: OR, 0.85; 95% CI, 0.72-1.00;  P=0.73 for heterogeneity; and dominant model: OR, 0.76;
P=0.03 for heterogeneity) (Fig. 3), of colorectal cancer in four  95% CI, 0.64-0.91; P=0.51 for heterogeneity) (Fig. 2) and of
tested models (C vs. A: OR,0.88; 95% CI,0.77-1.00; P=0.04 for ~ lung cancer in three tested models (CC vs. AA: OR, 0.33;
heterogeneity; CC vs. AA: OR,0.73;95% CI,0.60-0.89; P=0.26  95% ClI, 0.19-0.60; P=0.88 for heterogeneity; CA vs. AA:
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Figure 4. Begg's funnel plot for the publication bias test for vascular endothelial growth factor -2578C/A in the heterozygote comparison. SE, standard error;

OR, odds ratio.

OR, 0.26; 95% ClI, 0.11-0.64; P=0.09 for heterogeneity; and
dominant model: OR, 0.32; 95% CI, 0.18-0.57; P=0.57 for
heterogeneity) (Fig. 2). However, no associations were found
with the other types of cancer (Table II).

Sensitivity analysis. Sensitivity analysis was performed
to explore the influence of individual studies on the pooled
results. No individual study was shown to affect the pooled
OR significantly, as no substantial change was found.

Publication bias. Publication bias of the studies was assessed
by Begg's funnel plot and Egger's test (Fig. 4). The arrange-
ment of the data points did not reveal any evidence of clear
asymmetry. Formal evaluation using Egger's regression asym-
metry tests for the homozygote comparison did not show any
evidence of publication bias (t=1.77 P=0.086).

Discussion

Based on 37 cases-control studies, the present meta-analysis
included 11,083 cases and 11,822 controls, and indicated that
there was no association between the VEGF -2578C/A poly-
morphism and the risk of malignancy in the pooled analyses.
Subgroup analyses with regards to the type of cancer showed
specific positive associations. The VEGF -2578C/A polymor-
phism decreased the risk of colorectal and lung cancers under
the codominant, dominant and recessive models. For future
studies, the VEGF polymorphism could act as a predictive
marker to develop a novel antiangiogenesis medicine. VEGF
-2578C/A-targeted therapy could be applied to patients who
want to receive an individualized treatment. However, in the
stratified analysis by ethnicity and type of cancer, no evident
co-association was observed. A different mechanism of carci-
nogenesis or various functions of the gene polymorphism may
contribute to this phenomenon.

For the risk of colorectal and lung cancers, the present
findings correspond to certain preceding studies that evalu-
ated the influence of the VEGF -2578C/A polymorphism on
the risk of these types of cancer (10). Significant heterogeneity

did not exist in the present study, despite performing a careful
search, establishing strict criteria, accurate data extraction
and comprehensive analysis. Therefore, the subgroup analyses
were performed to minimize the effects of heterogeneity in
the following way: Ethnicity, type of cancer and sources of
control.

Some of the limitations that existed in the present
meta-analysis were inherent for all the previous meta-analysis
that focused on single-nucleotide polymorphisms, and others
were caused by artificial factors. Specific limitations in these
studies should be carefully explained. First, ethnicity, multi-
farious types of cancer and various control sources gave rise
to clear heterogeneity. Second, the number of certain cancer
subgroups, including thyroid and ovarian cancers, was too
small to investigate the potential existence of a correlation
between the VEGF -2578C/A polymorphism and the corre-
sponding cancer risk. Third, publication bias may have arisen
due to the search languages that contain studies published
only in English and Chinese. Fourth, the exclusion of unat-
tained data generally contributed to a false estimation of the
true effect. Regardless of the aforementioned limitations,
advantages of the present meta-analysis were evidently facili-
tative to the final outcomes, which included a comprehensive
searching method, strict analytical procedures and a signifi-
cant conclusion that may contribute to individual therapy in
the future.

In conclusion, the present study indicates that the VEGF
-2578C/A polymorphism may have a particular association with
certain types of cancer, including lung and colorectal cancers,
and no evident association with breast cancer. More large
scale samples, including various types of cancer, particularly
in single studies, and different populations should be analyzed
in a future meta-analysis to obtain a more conclusive under-
standing with regards to the function of the VEGF -2578C/A
polymorphism in cancer development. More information,
including medical history, exposure history, profession or even
the climatic environment, should be obtained in future indi-
vidual studies to assess the possible environmental-genome
interaction.
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