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Summary
Purpose: The purpose of this study was to comprehensive-
ly and quantitatively review eligible published studies to 
explore the prognostic significance of vascular endothelial 
growth factor (VEGF) expression in patients with esopha-
geal carcinoma (EC).

Methods: PubMed and Embase databases were searched 
until September 11, 2011. A meta-analysis was performed 
to demonstrate any relationship between VEGF and 5-year 
overall survival (OS) in EC patients. 

Results: The final analysis included 1453 patients from 19 
studies. The studies were grouped by patient source, histol-
ogy, VEGF isoform and cutoff value. The estimated risk of 
death suggested that VEGF positivity had negative impact 
on prognosis of patients with EC, esophageal squamous cell 
carcinoma (ESCC) and Asian patients. The risk ratios (RR) 
and 95% confidence interval (95% CI) were 1.26 (1.16-1.37) 
in EC patients, 1.28 (1.16-1.40) in ESCC patients and 1.35 

(1.24-1.48) in Asian patients. Furthermore, when the cutoff 
value was set at 10% in 6 studies, the RR (95% CI) was 
1.48 in the VEGF positive group (1.27-1.73). In addition, 
VEGFC was also correlated with patient poor prognosis 
with a RR (95% CI) of 1.30 (1.15-1.48). However, EC pa-
tients from non-Asian countries and cutoff value at 30% 
showed no significant correlation with survival. Data were 
not sufficient to determine the prognostic value of VEGF 
expression in esophageal adenocarcinoma (EA) patients 
and VEGFD expression.

Conclusions:  VEGF positivity indicated poor prognosis in 
patients with EC, ESCC and of Asian origin. Cutoff value at 
10% may be a more appropriate standard to define VEGF 
positivity. VEGFC also correlated with poor prognosis in 
EC patients.

Key words: esophageal carcinoma, meta-analysis , prog-
nostic factor, vascular endothelial growth factor

Prognostic significance of vascular endothelial growth factor 
expression in esophageal carcinoma: a meta-analysis
Jun Peng1, Na Shao1, Hongling Peng1, Long-Qi Chen2

1West China Medical School, Sichuan University, Chengdu, Sichuan; 2Department of Thoracic Surgery, West China Hos-
pital of Sichuan University, Chengdu, Sichuan, China

Correspondence to:  Longqi Chen, MD, PhD. Department of Thoracic and Cardiovascular Surgery, West China Hospi-
tal of Sichuan University, No. 37, Guoxue Ave, Chengdu, Sichuan 610041, China. Tel: +86 28 8181-2850, Fax: +86 28 
8542-2493, E-mail: drchenlq@gmail.com
Received: 08/07/2012; Accepted: 31/07/2012

Introduction

EC is still one of the most lethal malignancies 
in the gastrointestinal carcinoma family despite 
improvements in surgical techniques and peri-
operative management [1]. The prognosis for EC 
patients is generally poor, with a 5-year OS rate 
of approximately 10-30%, and it has shown little 
improvement in recent decades [2,3]. There are 
two major types of EC: ESCC and adenocarcinoma 
(AC). In China, ESCC is the dominant type. 

The current staging of EC is based on the 
TNM classification, and the pathological node 
(pN) status is the most powerful predictor of prog-
nosis in EC [4]. Recently, it has been proposed that 

various molecular biological markers such as p53, 
epidermal growth factor receptor (EGFR), vascu-
lar endothelial growth factor (VEGF), cyclin D1, 
and E-cadherin could be prognostic indicators for 
EC [5,6]. Angiogenesis, the formation of new tu-
mor-feeding blood vessels from preexisting vas-
culature, is essential for human tumor growth 
and metastasis [7]. Furthermore, angiogenesis 
depends on the production of angiogenetic fac-
tors by tumor cells and normal cells. Moreover, 
increased vascularity intensifies the growth of tu-
mor and promotes tumor metastasis. It has also 
been reported to have prognostic value in some 
solid tumors, such as lung, colorectal, prostate, 
and breast cancer [8-11].
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VEGF is an angiogenetic factor produced by 
tumor cells that stimulates growth of endothelial 
cells [12]. It promotes the proliferation and mi-
gration of endothelial cells, enhances the perme-
ability of blood vessels, reduces endothelial cell 
apoptosis and promotes stromal proteolysis [13]. 
The VEGF family consists of 4 structurally sim-
ilar subtypes, including VEGFA, VEGFB, VEGFC, 
and VEGFD [14,15]. VEGFA is the major media-
tor of tumor angiogenesis, usually referred to as 
VEGF [16]. On the contrary, VEGFC and VEGFD 
are reported to correlate with lymphangiogenesis 
which is associated with lymph node metastasis 
[17]. Migration via blood vessels and lymphatics 
are the most common pathways for EC dissemina-
tion, and this contributes to the poor outcome of 
EC. In addition, VEGF expression was obviously 
associated with clinical responses to treatment. 
VEGF induction and vascularization of solid tum-
ors have been shown to contribute to the response 
to radiation therapy and chemotherapeutic agents 
[1].

The association between VEGF overexpres-
sion and prognosis in patients with EC has been 
debated over the last years, however, no consen-
sus has been achieved so far. Opposite results 
have been reported from different authors. Con-
sequently, we conducted a meta-analysis based 
on eligible published studies to quantitatively re-
view any relation between VEGF overexpression 
in tumor tissue and prognosis in patients with EC.

Methods 

Search strategy and study selection

The electronic databases PubMed and Embase 
were searched for studies to be included in the pres-
ent meta-analysis. An upper date limit of September 
11, 2011 was applied and no lower date limit was used. 
An initial search strategy was based on combinations 
of “VEGF,” “vascular endothelial growth factor,” “vas-
culotropin,” “esophageal carcinoma,” “esophagus car-
cinoma,” “esophageal cancer,” “esophagus cancer,” and 
“esophageal neoplasms.” The search was performed in-
dependently by two investigators (P J and SN). 

Our initial selection of all candidate articles relied 
on careful reading of their abstracts. Articles that could 
not be classified based on title and abstract were re-
viewed by their full-text. The primary studies required 
for meta-analysis were categorized based on full-text 
review. Authors of eligible studies were not contacted 
for supplementary or additional, unreported informa-
tion.

Inclusion criteria for eligible studies were as fol-
lows: (1) Study published in English; (2) EC histologi-
cally diagnosed; (3) VEGF expression measured in the 

primary EC tissue by immunohistochemistry (IHC); (4) 
Survival information, especially correlation of VEGF 
with OS; (5) Follow-up time up to 5 years; (6) When 
studies had the same authors and overlapped study 
population, only the most recent or the study with the 
larger patient population was selected to avoid duplica-
tion of data. Two reviewers (PJ and SN) independently 
determined study eligibility. Disagreements were re-
solved by consensus.

Data extraction and quality assessment

Information was carefully extracted from all in-
cluded publications using a prespecified data collection 
form with the following items: the first author’s name, 
publication year, patient origin (Asian and non-Asian), 
number of patients included in the study, histologic 
type, stage, VEGF assessment method, antibody and 
cutoff value of VEGF positivity, number of VEGF pos-
itive and negative patients, follow-up time, 5-year OS 
and number of deaths in VEGF positive and negative 
group. The data were extracted by two independent re-
viewers (PJ and PHL), and disagreements were resolved 
by consensus.

We did not set a predefined minimal number of 
patients for a study to be included in our meta-analy-
sis, nor weighed each study by a quality score, because 
Altman [18] has reported that no quality score has re-
ceived general agreement for meta-analyses of obser-
vational studies. 

The objective of the meta-analysis

The first endpoint of this meta-analysis was to 
measure the impact of VEGF expression on survival by 
estimating the RR and its 95% CI between the positive 
or negative VEGF groups. The second endpoint was to 
examine the prognostic value of VEGF expression in 
Asian and non-Asian people. The third endpoint was to 
investigate the proper IHC cutoff value of VEGF posi-
tivity. The fourth endpoint was to see for any correla-
tion between VEGF subtype expression and OS.

Statistics

For the quantitative aggregation of the survival 
results, the 5-year OS rate and number of deaths in the 
VEGF positive and negative groups were extracted from 
the full-text. When these statistical variables were not 
given explicitly in an article, they were calculated from 
available survival curves in the full-text. 

The heterogeneity of all included studies was as-
sessed by the statistical value I2. If I2 ≤ 50%, the studies 
with fine homogeneity were considered, and then the 
fixed-effects model with Mantel–Haenszel method was 
used for secondary analysis. Otherwise, a random effect 
model with the DerSimonian and Laird (D-L) method 
was adopted. By convention, an observed RR>1 implies 
worse survival for the group with positive VEGF [19]. 
If the 95% CI did not overlap with 1, we considered the 
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Table 1. Main characteristics and results of the eligible studies

First author
[ref.no]

Year Patient 
source

Patients
N

Histology Stage Antibodies used Cutoff
(%)

No. of
VEGF(+)

No. of
VEGF(-)

Ahn [20] 2002 Korea 80 ESCC I+II:35
III+IV:45

Mouse monoclo-
nal IgG antibody 
(Santa Cruz Bio-
tech, U.S.A.)

30 41 39

Choi [21] 2006 Korea 51 ESCC I+II:28
III+IV:23

Mouse monoclo-
nal IgG antibody 
(Santa Cruz Bio-
technology, Santa 
Cruz, CA)

10 21 30

Inoue [22] 1997 Japan 65 ESCC I+II:7
III+IV:58

Rabbit polyclonal 
antibody (Phar-
macia, Uppsala, 
Sweden)

30 31 34

Kitadai [23] 1998 Japan 71 ESCC I+II:40
III+IV:31

Rabbit polyclonal 
antibody (Santa 
Cruz Biotechnolo-
gy, Santa Cruz, CA) 

30 49 22

Ogata [24] 2003 Japan 92 ESCC I+II:46
III+IV:46

Mouse monoclo-
nal IgG antibody 
(R&D systems, 
Minneapolis, MN, 
USA)

10 22 70

Rosa [25] 2003 Brazil 47 ESCC II:23
III:24

Rabbit poly-
clonal antibody 
A-20(Santa Cruz 
Biotechnology, 
Santa Cruz, CA, 
USA)

30 19 28

Uchida [26] 1998 Japan 102 ESCC I+II:57
III+IV:45

Anti-human 
VEGF polyclonal 
antibody-Nippon 
Medical School, 
Tokyo, Japan)

10 61 41

Cavazzola [27] 2009 Brazil 38 EA I+II:14
III +IV:24

A-20 rabbit poly-
clonal antibody 
(Santa Cruz Bio-
technology, Inc., 
Santa Cruz, CA, 
USA).

30 19 19

Kimura [28] 2003 Japan 112 ESCC I+II:80
III:32

Goat polyclonal 
anti-VEGF-C anti-
body (Santa Cruz, 
CA)

10 44 68

Kozlowski[29] 2011 Poland 73 ESCC:34
EA:39

I+II:32
III:41

Goat monoclonal 
antibody, 1:7, R&D 
Systems

10 40 33

Mobius [30] 2007 Germany 54 EA I:17
II-IV:37

Goat polyclonal 
antibody (Santa 
Cruz, CA)

50 24 30

Liu [31] 2009 China 73 ESCC I+II:37
III+IV:36

Goat polyclonal 
antibody (Santa 
Cruz, CA, USA)

30 39 34

Tzao [32] 2008 Taiwan 85 ESCC I+II:48
III+IV:37

Monoclonal 
antibody clone 
78923.11 against
human VEGF-D 
(1:100; R&D Sys-
tems, Minneapolis, 
MN, USA)

20 56 29

Continued on next page
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impact of VEGF on OS as statistically significant. 
Assessment of publication bias was performed for 

each of the pooled study groups using the inverted fun-
nel plots, the Egger’s test, and the Begg’s test. A p-val-
ue>0.05 showed no publication bias in the study.

All statistical analyses were carried out using STA-
TA version 11.0 (Stata Corporation, College Station, TX).

Results 

Study selection and characteristics

A total of 563 references were reviewed. Af-
ter initial exclusion of the articles that were ob-
viously out of the scope of our meta-analysis, we 
identified 49 potential studies for further detailed 
evaluation. Upon further review, 19 studies finally 
met our inclusion criteria for this meta-analysis 
(Figure 1). Nineteen studies [20-38]  published be-
tween 1997 and 2011, all reported the prognostic 
value of VEGF status for survival in patients with 
EC. The total numbers of patients included was 
1453, ranging from 38 to 112 patients per study 
and the median sample size for all studies was 73 
patients. The major characteristics of the 19 in-
cluded publications are shown in Table 1.

All of the 19 studies used IHC to evaluate 
VEGF expression in EC, and the subtypes VEGFC 
and VEGFD were detected in 6 and 1 studies, re-

spectively. Fifteen studies dealt with ESCC, 2 stud-
ies dealt with EA and 2 considered all types of EC.                                                                                                 

Among the 19 studies, 15 (1241 patients; 
85.41%) were performed in Asian patients, and 
the remaining 4 (212 patients; 14.59%) focused on 
European or south American population. Eleven 
of the 19 studies identified VEGF positivity as an 
indicator of poor prognosis, while the remaining 
8 studies showed no statistically significant im-
pact of VEGF positivity on OS. The proportion of 
patients exhibiting VEGF positivity in each study 

Noguchi [33] 2002 Japan 71 ESCC I+II:37
III+IV:34

Anti-VEGF-C poly-
clonal antibody 
(1:20, IBL, Gunma, 
Japan)

NG 38 33

Kato [34] 2002 Japan 64 ESCC I+II:38
III+IV:26

C-1(Santa Cruz 
Bio, Inc, Santa 
Cruz, CA, USA)

80 24 40

Li [35] 2000 Japan 96 ESCC I+II:50
III+IV:46

Goat anti rabbit 
IgG (Nippon Med-
ical School, Tokyo, 
Japan)

10 62 34

Okazawa [36] 2008 Japan 100 ESCC:96
EA:2; 
UC:1
BC:1

NG Goat polyclonal 
antibody (N-19, 
Santa Cruz Bio-
technology, Inc., 
Santa Cruz, CA)

30 43 57

Nakagawa [37] 2003 Japan 97 ESCC I+II:44
III+IV:53

Rabbit polyclonal 
antibody (Santa 
Cruz Biotechnolo-
gy, Santa Cruz, CA)

50 47 50

Xu [38] 2004 China 82 ESCC NG Anti-VEGF 
mouse polyclonal 
antibody (Bei-
jing Zhongshan 
Biotechnology 
Co., Ltd., Beijing, 
China)

30 52 30

ESCC: esophageal squamous cell carcinoma, EA: esophageal adenocarcinoma, UC: undifferentiated carcinoma, BC: basaloid carcinoma, NG: not given

Figure 1. Flow chart of the meta-analysis. Nineteen 
studies met our inclusion criteria for this meta-analysis.

Continued from previous page



VEGF in esophageal carcinoma402

JBUON 2013; 18(2): 402

ranged from 23.91 to 69.01%.
Six studies put the cutoff at 10%, 1 study at 

20%, 8 studies at 30%, 2 studies at 50%, 1 study at 
80%, and 1 did not mention the cutoff. 

Main results

Correlation between VEGF expression and 5-year 
overall survival

The estimated risk of death in 5 years was 
1.26-fold higher in the VEGF positive patients 
(95% CI: 1.16-1.37, p=0.000), indicating that VEGF 
positivity was an indicator of poor prognosis for 
EC patients (Table 2; Figure 2).

The prognostic value of VEGF expression in Asian 
and non-Asian populations

After grouping the studies according to the 
patient origin (Asian and non-Asian), we observed 
that in Asian patients’ mortality was signifi-
cantly higher in VEGF positive subjects than in 
VEGF negative ones (RR=1.35, 95% CI: 1.24-1.48, 
p=0.000). However, no statistically significant 
effect on OS was observed among non-Asian pa-
tients (RR=0.82, 95% CI: 0.53-1.29, p=0.396). We 
found highly significant heterogeneity among the 
non-Asian studies (Q=14.03, I2=78.6%, p=0.003) 
(Table 2; Figures 3,4). 

Correlation between ESCC and VEGF expression

When the 15 studies which dealt with ESCC 
were combined, the mortality was 1.28-fold high-
er (95% CI: 1.16-1.40 p=0.000) in VEGF positive 
patients, showing that the prognosis of VEGF pos-
itive patients was worse compared to VEGF nega-
tive patients with ESCC (Table 2; Figure 5). 

Correlation between different cutoffs of VEGF posi-

tivity and 5-year overall survival

In 6 studies using 10% as cutoff, the surviv-
al difference was clearer (RR=1.48, 95% CI: 1.27-
1.73, p=0.000) and larger than the outcome of 
all 19 studies. However, in 8 studies using 30% 
as cutoff no statistically survival difference was 
found (RR=1.12, 95% CI: 0.88-1.43, p=0.100). We 
also found highly significant heterogeneity in 
these 8 studies (Q=26.42, I2=73.5%, p=0.000) (Ta-
ble 2; Figures 6,7).

Correlation between VEGFC expression and 5-year 
overall survival in EC patients 

When we limited the analysis to the 6 studies 
that investigated VEGFC expression in patients 
with EC, the mortality in the VEGFC positive 
group was 1.30-fold higher (95% CI: 1.15-1.48, 
p=0.000) than in the VEGFC negative group, indi-
cating that VEGFC positivity was an indicator of 
poor prognosis for EC patients (Table 2; Figure 8).

Assessment of publication bias

Visual assessment of funnel plot provided no 
evidence of overt publication bias for the all 19 
studies included in the meta-analysis (Figure 9). 
Begg’s test (p=0.834) and Egger’s test (p=0.867) 
also failed to reveal evidence for significant publi-
cation bias. Similar results were found for the 15 
Asian studies (p=0.428 and 0.075, respectively); 4 
non-Asian studies (p=0.308 and 0.102, respective-
ly); 15 studies of patients with ESCC (p=0.621 and 
0.572, respectively); 6 studies with cutoff at 10% 
(p=0.26 and 0.102, respectively); 8 studies with 
cutoff at 30% (p=0.386 and 0.308, respectively); 
6 studies investigating VEGFC expression in pa-
tients with EC (p=0.707 and 0.697, respectively). 
These results suggest that there was no publica-
tion bias.

Table 2. Level of cancer antigens, LDH and D-dimer during chemotherapy

Studies
N

Patients
N

 RR (95% CI, p-value) Heterogeneity Test (Q, I2, P,  p-value)

VEGF in EC 19 1453 1.26 (1.16-1.37, 0.000) 36.01, 50.0%, 0.007

Asian 15 1241 1.35 (1.24-1.48, 0.000) 13.80, 13.1%, 0.313

Non- Asian 4 212 0.82 (0.53-1.29, 0.396) 14.03, 78.6%, 0.003

VEGF in ESCC 15 1188 1.28 (1.16-1.40, 0.000) 27.12, 48.4%, 0.019

10% cutoff 6 526 1.48 (1.27-1.73, 0.000) 3.05, 0.0%, 0.692

30% cutoff 8 556 1.12 (0.88-1.43, 0.100) 26.42, 73.5%, 0.000

VEGFC in EC 6 483 1.30 (1.15-1.48, 0.000) 5.62, 11.0%, 0.345

VEGF: vascular endothelial growth factor, VEGFC: vascular endothelial growth factor C, RR: risk ratio, CI: confidence interval, ESCC: esophageal 
squamous cell carcinoma, EC: esophageal cancer
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Discussion

Folkman’s publication innovated tumor angi-
ogenesis hypothesis in 1971 [39]. From then on 
scientists have shown great interest in exploring 
the role of VEGF in this process. Publications of 
the prognostic value of VEGF expression in EC 
patients date back to the 1990s. In this meta-anal-
ysis, we have combined 19 published studies with 
1453 EC patients to demonstrate that VEGF has a 
significant correlation with poor survival in such 
patients. The outcome is in agreement with the 
recent meta-analysis reports on VEGF expression 
in gastric carcinoma [40], lung cancer [41], hepato-
cellular carcinoma [42] and colorectal cancer [19]. 
This correlation was also observed in Asian pop-
ulations, but in non-Asian populations we found 
that VEGF did not show any prognostic value, per-
haps because only 4 non-Asian publications were 
eligible. When analysis was limited to ESCC pa-
tients, the estimated risk of death (RR=1.28) was 
similar to all the 19 included studies (RR=1.26), 
indicating VEGF also had prognostic value in 
ESCC patients. This outcome is in agreement with 
the meta-analysis in head and neck squamous cell 
carcinoma [43]. Data were not sufficient to deter-
mine the prognostic value of VEGF expression in 
EA patients.

When only publications with cutoff at 
10% were analyzed, the estimated risk of death 
(RR=1.48) was higher than all 19 included studies 
(RR=1.26). However, when the cutoff was 30%, the 
95% CI overlapped with 1, and the estimated risk 
of death (RR=1.12) was lower than all 19 included 
studies (RR=1.26). These findings suggest that a 
cutoff of 10% may be more appropriate when we 
define the VEGF positivity, and it will help avoid 
failure of diagnosis and predict prognosis.

Subgroup analysis suggested that VEGFC 
also had a significant impact on prognosis of EC 
patients. VEGFC is an inducible factor of lym-
phangiogenesis [17] and correlates with lymph 
node metastasis. Our results further support the 
hypothesis that VEGFC positivity is associated 
with poor prognosis in EC patients [4]. Concerning 
VEGFD, data were not sufficient to determine its 
prognostic value.

The present meta-analysis suggests that 
VEGF positivity is an indicator of poor prognosis 
in patients with EC. Therefore, inhibiting VEGF- 
mediated angiogenesis and lymphangiogenesis 
might be an effective therapy for EC. Recently, 
several phase II studies [44-46] have shown a 
little clinical benefit for the tyrosine kinases in-
hibitor (TKI) sunitinib and VEGF-targeting mono-

clonal antibody bevacizumab in patients with EC. 
Phase III studies comparing bevacizumab with 
supportive care alone are anticipated. Up until 
now the antiangiogenic agents do not achieve a 
desired effect and we believe that a more accurate 
evaluation of the impact of VEGF expression on 
patient survival is required. 

The present meta-analysis is complicated by 
heterogeneity issues. We found highly significant 
heterogeneity between 4 non-Asian studies and 8 
studies with cutoff at 30%. No heterogeneity was 

Figure 2. Meta-analysis (Forest plot) on the relation be-
tween VEGF expression and 5-year overall survival (OS). 
Risk ratio (RR) and its 95% CI for OS is 1.26 (1.16-1.37). 
Each study is shown by lead author/year.

Figure 3. Meta-analysis of VEGF expression in Asian 
patients. Risk ratio (RR) and its 95% CI for overall surviv-
al is 1.35 (1.24-1.48). Each study is shown by lead author/
year.
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Figure 4. Meta-analysis of VEGF expression in non-
Asian patients. Risk ratio (RR) and its 95% CI for overall 
survival is 0.82 (0.53-1.29). Each study is shown by lead 
author/year.

Figure 7. Meta-analysis when cutoff at 30%. Risk ratio 
(RR) and its 95% CI for overall survival is 1.12 (0.88-
1.43). Each study is shown by lead author/year.

Figure 5. Meta-analysis of VEGF expression in ESCC 
patients. Risk ratio (RR) and its 95% CI for overall surviv-
al is 1.28 (1.16-1.40). Each study is shown by lead author/
year.

Figure 8. Meta-analysis on the relation between VEGFC 
expression and OS. RIsk ratio (RR) and its 95% CI for 
overall survival is 1.30 (1.15-1.48). Each study is shown 
by lead author/year.

Figure 6. Meta-analysis when cutoff at 10%. Risk ratio 
(RR) and its 95% CI for overall survival is 1.48 (1.27-
1.73). Each study is shown by lead author/year.

Figure 9. Bias assessment funnel plots for all 19 stud-
ies included in the meta-analysis. There is no evidence of 
overt publication bias for all 19 studies included in the 
meta-analysis.
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detected when the analysis was limited to 15 Asian 
studies, 15 of which dealt with VEGF in ESCC and 
6 used cutoff at 10%. Therefore, the heterogeneity 
in this meta-analysis could be explained by the 
different histologic types, geographic isolation, 
racial differences and many different cutoffs for 
VEGF positive tissues (10–80%). However, the D-L 
method we used could improve the heterogeneity 
factor.

There are several potential sources of bias 
that should be noted in our meta-analysis. Al-
though we did not detect significant publication 
bias among the eligible studies, we could not 
completely exclude the publication bias. Firstly, 
all of the studies included in our meta-analysis 
used IHC to assess VEGF expression status, which 
represented potential selection bias. Secondly, we 
only collected and analyzed published English 
language literature, which might introduce bias. 

Thirdly, bias may come from our method of data 
extraction i.e. if the survival data were not direct-
ly reported by the authors, we calculated them 
from the survival curves available in the article.

In conclusion, this meta-analysis shows that 
VEGF positivity was correlated with poor progno-
sis in patients with EC and it also suggests that 
VEGF positive Asian patients and ESCC patients 
have a worse prognosis than VEGF negative ones. 
VEGF protein might be a powerful predictor of 
prognosis, which can help to identify high-risk 
patients and guide clinical decision and therapy. 
In addition, it may provide a target for future tar-
geted therapy. Furthermore, cutoff of 10% may be 
more appropriate when we determine VEGF pos-
itivity or negativity. Interestingly, our work sug-
gests that VEGFC is also a predictor of prognosis 
in EC patients. These results should be investigat-
ed and validated by further prospective studies.

References
1. Shimada H, Hoshino T, Okazumi S et al. Expression of 

angiogenic factors predicts response to chemoradio-
therapy and prognosis of oesophageal squamous cell 
carcinoma. Br J Cancer 2002; 86: 552-557.

2. McCabe ML, Dlamini Z. The molecular mechanisms 
of oesophageal cancer. Int Immunopharmacol 2005; 
5: 1113-1130.

3. Waraich N, Rashid F, Jan A et al. Vascular invasion is 
not a risk factor in oesophageal cancer recurrence. Int 
J Surg 2011; 9: 237-240.

4. Tanaka T, Ishiguro H, Kuwabara Y et al. Vascular en-
dothelial growth factor C (VEGF-C) in esophageal can-
cer correlates with lymph node metastasis and poor 
patient prognosis. J Exp Clin Cancer Res 2010; 29: 83.

5. Koide N, Nishio A, Hiraguri M et al. Coexpression of 
vascular endothelial growth factor and p53 protein in 
squamous cell carcinoma of the esophagus. Am J Gas-
troenterol 2001; 96: 1733-1740.

6. Shimada Y, Imamura M, Watanabe G et al. Prognos-
tic factors of oesophageal squamous cell carcinoma 
from the perspective of molecular biology. Br J Cancer 
1999; 80: 1281-1288.

7. Couvelard A, Paraf F, Gratio V et al. Angiogenesis in 
the neoplastic sequence of Barrett’s oesophagus. Cor-
relation with VEGF expression. J Pathol 2000; 192: 
14-18.

8. Yilmaz A, Ernam D, Unsal E et al. Vascular endothelial 
growth factor immunostaining correlates with post-
operative relapse and survival in non-small cell lung 
cancer. Arch Med Res 2007; 38: 764-768.

9. Harada Y, Ogata Y, Shirouzu K. Expression of vascu-
lar endothelial growth factor and its receptor KDR 
(kinase domain-containing receptor)/Flk-1 (fetal liver 
kinase-1) as prognostic factors in human colorectal 

cancer. Int J Clin Oncol 2001; 6: 221-228.

10. Weidner N, Carroll PR, Flax J et al. Tumor angiogen-
esis correlates with metastasis in invasive prostate 
carcinoma. Am J Pathol 1993; 143: 401-409.

11. Weidner N, Semple JP, Welch WR, Folkman J. Tumor 
angiogenesis and metastasis--correlation in invasive 
breast carcinoma. N Engl J Med 1991; 324: 1-8.

12. Leung DW, Cachianes G, Kuang WJ et al. Vascular en-
dothelial growth factor is a secreted angiogenic mito-
gen. Science 1989; 246: 1306-1309.

13. Bradbury PA, Zhai R, Ma C et al. Vascular endothelial 
growth factor polymorphisms and esophageal cancer 
prognosis. Clin Cancer Res 2009; 15: 4680-4685.

14. Ferrara N. VEGF and the quest for tumour angiogene-
sis factors. Nat Rev Cancer 2002; 2: 795-803.

15. Hicklin DJ, Ellis LM. Role of the vascular endothelial 
growth factor pathway in tumor growth and angio-
genesis. J Clin Oncol 2005; 23: 1011-1027.

16. Kleespies A, Bruns CJ, Jauch KW. Clinical significance 
of VEGF-A, -C and -D expression in esophageal malig-
nancies. Onkologie 2005; 28: 281-288.

17. Kozlowski M, Kowalczuk O, Milewski R et al. Serum 
vascular endothelial growth factors C and D in pa-
tients with oesophageal cancer. Eur J Cardiothorac 
Surg 2010; 38: 260-267.

18. Altman DG. Systematic reviews of evaluations of 
prognostic variables. BMJ 2001; 323: 224-228.

19. Des Guetz G, Uzzan B, Nicolas P et al. Microvessel 
density and VEGF expression are prognostic factors in 
colorectal cancer. Meta-analysis of the literature. Br J 
Cancer 2006; 94: 1823-1832.

20. Ahn MJ, Jang SJ, Park YW et al. Clinical prognostic 
values of vascular endothelial growth factor, mi-
crovessel density,and p53 expression in esophageal 
carcinomas. J Korean Med Sci 2002; 17: 201-207.



VEGF in esophageal carcinoma406

JBUON 2013; 18(2): 406

21. Choi JY, Jang KT, Shim YM et al. Prognostic signif-
icance of vascular endothelial growth factor expres-
sion and microvessel density in esophageal squamous 
cell carcinoma: comparison with positron emission 
tomography. Ann Surg Oncol 2006; 13: 1054-1062.

22. Inoue K, Ozeki Y, Suganuma T et al. Vascular endothe-
lial growth factor expression in primary esophageal 
squamous cell carcinoma. Association with angiogen-
esis and tumor progression. Cancer 1997; 79: 206-213.

23. Kitadai Y, Haruma K, Tokutomi T et al. Significance of 
vessel count and vascular endothelial growth factor in 
human esophageal carcinomas. Clin Cancer Res 1998; 
4: 2195-2200.

24. Ogata Y, Fujita H, Yamana H et al. Expression of vas-
cular endothelial growth factor as a prognostic factor 
in node-positive squamous cell carcinoma in the tho-
racic esophagus: long-term follow-up study. World J 
Surg 2003; 27: 584-589.

25. Rosa AR, Schirmer CC, Gurski RR et al. Prognostic val-
ue of p53 protein expression and vascular endothelial 
growth factor expression in resected squamous cell 
carcinoma of the esophagus. Dis Esophagus 2003; 16: 
112-118.

26. Uchida S, Shimada Y, Watanabe G et al. In oesoph-
ageal squamous cell carcinoma vascular endothelial 
growth factor is associated with p53 mutation, ad-
vanced stage and poor prognosis. Br J Cancer 1998; 
77: 1704-1709.

27. Cavazzola LT, Rosa AR, Schirmer CC et al. Immuno-
histochemical evaluation for P53 and VEGF (Vascular 
Endothelial Growth Factor) is not prognostic for long 
term survival in end stage esophageal adenocarcino-
ma. Rev Col Bras Cir 2009; 36: 24-34.

28. Kimura Y, Watanabe M, Ohga T et al. Vascular en-
dothelial growth factor C expression correlates with 
lymphatic involvement and poor prognosis in pa-
tients with esophageal squamous cell carcinoma. On-
col Rep 2003; 10: 1747-1751.

29. Kozlowski M, Naumnik W, Niklinski J et al. Vascular 
endothelial growth factor C and D expression corre-
lates with lymph node metastasis and poor prognosis 
in patients with resected esophageal cancer. Neoplas-
ma 2011; 58: 311-319.

30. Mobius C, Freire J, Becker I et al. VEGF-C expression 
in squamous cell carcinoma and adenocarcinoma of 
the esophagus. World J Surg 2007; 31: 1768-1772; dis-
cussion 1773-1764.

31. Liu P, Chen W, Zhu H et al. Expression of VEGF-C 
correlates with a poor prognosis based on analysis 
of prognostic factors in 73 patients with esophageal 
squamous cell carcinomas. Jpn J Clin Oncol 2009; 39: 
644-650.

32. Tzao C, Lee SC, Tung HJ et al. Expression of hypox-
ia-inducible factor (HIF)-1alpha and vascular en-
dothelial growth factor (VEGF)-D as outcome predic-
tors in resected esophageal squamous cell carcinoma. 

Dis Markers 2008; 25: 141-148.

33. Noguchi T, Takeno S, Shibata T et al. VEGF-C expres-
sion correlates with histological differentiation and 
metastasis in squamous cell carcinoma of the esopha-
gus. Oncol Rep 2002; 9: 995-999.

34. Kato H, Yoshikawa M, Miyazaki T et al. Expression of 
vascular endothelial growth factor (VEGF) and its re-
ceptors (Flt-1 and Flk-1) in esophageal squamous cell 
carcinoma. Anticancer Res 2002; 22: 3977-3984.

35. Li Z, Shimada Y, Uchida S et al. TGF-alpha as well as 
VEGF, PD-ECGF and bFGF contribute to angiogenesis 
of esophageal squamous cell carcinoma. Int J Oncol 
2000; 17: 453-460.

36. Okazawa T, Yoshida T, Shirai Y et al. Expression of 
vascular endothelial growth factor C is a prognostic 
indicator in esophageal cancer. Hepatogastroenterol-
ogy 2008; 55: 1503-1508.

37. Nakagawa S, Nishimaki T, Kanda T et al. Clinical Sig-
nificance of VEGF and dThdPase Expressions in Squa-
mous Cell Carcinoma of the Esophagus. Acta Med 
Biol 2003; 51: 87-95.

38. Xu WG, Yang GL, Zhou LX et al. Prognostic value of 
VEGF expression in primary esophageal squamous 
cell carcinoma. Chin J Cancer Res 2004; 16: 85-89.

39. Folkman J. Tumor angiogenesis: therapeutic implica-
tions. N Engl J Med 1971; 285: 1182-1186.

40. Chen J, Li T, Wu Y et al. Prognostic significance of vas-
cular endothelial growth factor expression in gastric 
carcinoma: a meta-analysis. J Cancer Res Clin Oncol 
2011; 137: 1799-1812.

41. Zhan P, Wang J, Lv XJ et al. Prognostic value of vas-
cular endothelial growth factor expression in patients 
with lung cancer: a systematic review with meta-anal-
ysis. J Thorac Oncol 2009; 4: 1094-1103.

42. Schoenleber SJ, Kurtz DM, Talwalkar JA et al. Prog-
nostic role of vascular endothelial growth factor in 
hepatocellular carcinoma: systematic review and me-
ta-analysis. Br J Cancer 2009; 100: 1385-1392.

43. Kyzas PA, Cunha IW, Ioannidis JP. Prognostic signifi-
cance of vascular endothelial growth factor immuno-
histochemical expression in head and neck squamous 
cell carcinoma: a meta-analysis. Clin Cancer Res 2005; 
11: 1434-1440.

44. Bang YJ, Kang YK, Kang WK et al. Phase II study of 
sunitinib as second-line treatment for advanced gas-
tric cancer. Invest New Drugs 2011; 29: 1449-1458.

45. Shah MA, Jhawer M, Ilson DH et al. Phase II study 
of modified docetaxel, cisplatin, and fluorouracil with 
bevacizumab in patients with metastatic gastroesoph-
ageal adenocarcinoma. J Clin Oncol 2011; 29: 868-874.

46. Shah MA, Ramanathan RK, Ilson DH et al. Multicenter 
phase II study of irinotecan, cisplatin, and bevacizum-
ab in patients with metastatic gastric or gastroesoph-
ageal junction adenocarcinoma. J Clin Oncol 2006; 24: 
5201-5206.


