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Abstract
Background: VEGF is a prime mediator of tumorigenesis and metastasis. Various studies assessing the

prognostic value of VEGF in patients with esophageal cancer remain controversial. This study aims to

comprehensively and quantitatively summarize the evidence on the suitability of VEGF to predict patients’

survival.

Methods: Searches were applied to PubMed and EMBASE until December 31, 2011, without language

restrictions. Studies were assessed for quality using REMARK (Reporting recommendations for tumor

MARKer prognostic studies). Data were collected comparing overall survival in patients with high VEGF

level with those with low level. We conducted a systematic review of 31 studies (n ¼ 2,387 patients) and

completed a meta-analysis of 30 studies (n¼ 2,345 patients) that correlated VEGF levels with overall survival.

Data were synthesized with HRs.

Results: The estimated risk of death was 1.82-fold greater in patients with high VEGF expression [95%

confidence interval (CI), 1.58–2.08]. The heterogeneity was not significant (P ¼ 0.130) between studies. High

VEGF expression was associated with worse survival in esophageal squamous cell carcinoma (HR, 1.81; 95%

CI, 1.57–2.10) and therewasno significance in between-studyheterogeneity (P¼ 0.185).Data collectedwerenot

sufficient to determine the prognostic value of VEGF in patients with esophageal adenocarcinoma.

Conclusions: In thismeta-analysis, elevated VEGF expressionwas associatedwith poor survival in patients

with esophageal cancer but not esophageal adenocarcinoma.

Impact: These results support further investigation of VEGF expression for predicting poor survival in

patients with esophageal carcinoma and may have implications for treatments directed at inhibiting VEGF-

mediated angiogenesis. Cancer Epidemiol Biomarkers Prev; 21(7); 1126–34. �2012 AACR.

Introduction
Esophageal cancer, composed of squamous cell carci-

noma and adenocarcinoma, is the eighth most common
cancer worldwide, with 482,300 new cases annually, and
has the sixth highest cancermortality, with 406,800 deaths
registered in 2008worldwide (1). Despite recent advances
in screening and multimodality therapy (2), the outcome
for esophageal cancer remains generally poor, emphasiz-
ing the need for early detection and prognostic markers.
Following the growing knowledge of molecular mechan-
isms underlying tumor biology, the search for prognostic
markers is one of the most active fields in oncology.
Currently, the identification of molecular biologic mar-

kers is being pursued to determine the prognosis of
patients affected with solid tumors (3). For example,
factors related to apoptosis (e.g., p53 and bcl2), growth
(e.g., epithelial growth factor, erbB2), or cell cycling [e.g.,
cyclin, proliferating cell nuclear antigen (PCNA)] have
been studied, to correlate markers with survival (4–8).

Expression of VEGF, one of the most potent sources of
angiogenesis, has been shown to be responsible for the
development andmaintenance of a vascular network that
promotes tumor growth and metastasis for a wide range
of human tumors and human cell lines (9). VEGF is a
homodimeric glycoprotein with a molecular weight of
approximately 45 kDa. In healthy humans, VEGF pro-
motes angiogenesis in embryonic development and is
important in wound healing in adults. VEGF is a key
mediator of angiogenesis in cancer, and angiogenesis is
essential for cancer development and growth (10). More-
over, a large and growing body of evidence indicates that
VEGF expression is associated closely with poor progno-
sis in patients with cancer (11–13).

At this point, a question arises whether these findings
justify the use of VEGF detection, in a routine clinical
setting, as a prognostic indicator in patients with
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esophageal cancer. In this study, we conducted a system-
atic review and meta-analysis to estimate the prognostic
importance of elevated VEGF expression for survival
among patients with esophageal cancer.

Materials and Methods
Search strategy
To identify all primary research articles that evaluated

the level of VEGF expression as a prognostic factor among
individuals with esophageal cancer, we searched the
PubMed and EMBASE databases up to December 31,
2011, without language restrictions, using a strategy
developed with an expert librarian based on terms for
esophageal carcinoma, prognostic study (14), and VEGF
or "vascular endothelial growth factor." One reviewer
(M. Chen) inspected the title and abstract of each citation
to identify those studies that were likely to report the
prognostic value of VEGF and then obtained the full text.
Inclusion criteria for the primary studies were as follows:
(i) diagnosis of esophageal cancer in humanswas proven,
(ii) VEGF evaluation was conducted, and (iii) data
reported was related to the prognostic value.

Methodologic and validity assessment
We used published guidelines for reporting tumor

marker studies and quality metrics for evaluating studies
for inclusion in cancer-related meta-analyses (15, 16).
Criteria for eligibility of a study were as follows: (i) a
prospective or retrospective cohort design with a well-
defined studypopulation and justification for all excluded
eligible cases, (ii) assay of the primary esophageal cancer
specimens, (iii) a clear description of methods for speci-
men handling and testing, including selection and prep-
aration of reagents or kits, as well as visualization tech-
niques, (iv) clear statements on the choice of positive/high
expression and negative/low expression controls and on
assay validation, and (v) a statistical analysis reporting
HRs including 95% confidence intervals (CI), or provision
of data available for statistical estimation of HRs. Because
small cell esophageal carcinoma, esophageal stromal
tumors, small adenocarcinomas, and gastrointestinal can-
cers have different clinical courses, studies that did not
distinguish these tumor types from esophageal cancer
were excluded.
Quality assessmentwas conducted induplicate for each

eligible study by independent reviewers (M. Chen and E.
Cai) using operationalized prognostic biomarker report-
ing guidelines (15) and extract details on 18 items
(see Table 1), allowing for assessment of study purpose,
study population, biomarker measurement, confounder
measurement, outcome measurement, and statistical
analysis.

Data extraction
Two investigators (M. Chen and J. Huang) reviewed all

eligible studies and extracted study characteristics care-
fully in duplicate, including first author, publication year,

country of origin, histology, disease stage, number of
patients, gender, median age, test method, cutoff value,
VEGF positivity, and survival data (Table 2). If data from
any of the above categories were not reported in the
primary article, items were treated as "not reported." We
did not contact the author to request the information.

Statistical analysis
For appropriate VEGF evaluation in a single study, the

summaryHR and their 95%CIswere combined to present
the value reported in the study. For some of the trials
without reportingHR and 95%CIs directly, mathematical
HRapproximationwas estimatedusing establishedmeth-
ods (17). In 11 studies not quoting the HRs or CIs, HR and
CI values were calculated using parameters given by the
authors for univariate analysis: the CI for the HR, the
observed (O) -expected (E) statistic (the difference
between the number of observed and the number of
expected events) or its variance, the log-rank statistic or
its P value were used to allow for an approximate calcu-
lation of the HR estimate. When those data were not
available, the total number of events, the number of pati-
ents at risk in each group, and the log-rank statistics or
its P valuewere used to derive an approximation estimate
of the HRs. Finally, if the only exploitable data were in
the form of graphical representations of the survival
distributions, survival rates at some special times were
extracted to reconstruct the HR estimate and its 95% CIs.

Heterogeneity of the individual HRs was calculated
using the c2 test according to Peto’s method (18).
Between-study heterogeneity was assessed using I2 and
Q statistics (19). All eligible studies were categorized by
histology, disease stage, and laboratory techniques used.
Individual meta-analysis was conducted in each group.
When HRs had fine homogeneity, we analyzed the effect
of VEGF expression on survival by a fixed-effect model;
otherwise Dersimonian–Laird random-effect model was
used (20).

The combined HRs were estimated using forest plots
graphically. An observed HR of more than 1 implied a
worse survival for the VEGF-positive or high VEGF
expression group relative to the VEGF-negative or low
expression group and was considered statistically signif-
icant if the 95% CI did not overlap 1 (P < 0.05). Horizontal
lines represent 95% CIs. Boxes represent the HR point
estimate, and its area is proportional to the weight of the
study. The diamond represents the overall summary
estimate, with the CI represented by its width. The unbro-
ken vertical line was set at the null value (HR, 1.0).

Assessment of publication bias was conducted using
the methods of Song and colleagues (21) and Begg and
colleagues (22). Meanwhile, a contour-enhanced funnel
plot was conducted to aid in interpreting the funnel plot
(23). If studies appeared to be missing in the area of low
statistical significance, then it is possible that the asym-
metry was due to publication bias. If studies seemed to be
missing in the area of high statistical significance, then
publication bias was a lesser cause of the funnel
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asymmetry. Intercept significance was determined by the
t test suggested by Egger (P < 0.05 was considered repre-
sentation of statistically significant publication bias). All
the statistical analyses were conducted using STATA
SE11.0 software (Stata Corporation).

Results
The abstracts and titles of 215 primary studies were

identified for initial review using the search strategies as
described. After exclusion of articles that were out of the
scope of our meta-analysis, we identified 52 potential
studies for full-text review.Upon further review, 2 review
articles were eliminated (24, 25) and 19 articles were
eliminated because of inadequate data for meta-analysis
(refs. 26–44; Fig. 1).

These studies followed several different patient
cohorts, 26 studies dealt with all types of esophageal
squamous cell carcinoma (ESCC; refs. 45–70), one (71)
dealt with esophageal adenocarcinoma (EADC), and
another 4 dealt with ESCC andEDAC (72–75). The studies
included were conducted in different countries, 19 of 31
studies were conducted in Japan, 5 in China, 2 in Korea, 2
in Poland, 2 in Brazil, and 1 study being fromSweden. The
total number of patients included was 2,387 and ranged
from 38 to 149 patients per study (median, 80). Character-
istics of the 31 eligible publications are listed in Table 2.

The median or mean age of patients ranged from 55 to
68 years in the 23 studies with age information. The

median proportion of males was 85.4% across the eligible
studies. Twenty-five of 31 studies had information on
disease stage, and the median proportion of stage I þ II
was 47.5%. Among 31 eligible studies, 25 used immuno-
histochemistry (IHC) to assess VEGF expression, 4 used
ELISA, and the remaining 2 used reverse transcription
PCR (RT-PCR).HRswere reported for every eligible study
using available data or the methods described above.
Individual studies correlated VEGF levels with survival
data. VEGF cutoff points were chosen using different
methods in each study. Some studies used a purely binary
system (positive or negative) for final analysis, others
used a quantitative system. Many quantitative-based
studies used the median level as the cutoff value. The
proportion of high VEGF expressors in individual studies
ranged from 23.9% to 87.0%. Univariate survival analysis
alone (log-rank–based comparison of Kaplan–Meier
curves) was conducted in 12 of 31 studies (n ¼ 869
patients, 36.41%). Multivariate survival analysis (Cox
proportional hazards model) was conducted in the
remaining 19 studies (n ¼ 1,518 patients, 63.59%). Nine
of 19 studies based on multivariate survival analysis
identified high VEGF expression as an indicator of poor
prognosis, and the remaining 10 showed no statistically
significant effect of VEGF high expression on survival.

Quality assessment based on REMARK guidelines was
conducted on all 31 studies included for systematic
review. Themean number of study quality items reported

Table 1. Definitions of 18 items of study reporting quality

Study design
1. Objectives or prespecified hypothesis: state the study objectives, prespecified hypothesis or study protocol
2. Sample size: state a statistical sample size or power calculation
3. Follow-up description: state the follow-up period or the median follow-up time
4. Population source: state health care setting from which patients were recruited
5. Population selection criteria: state inclusion or exclusion
6. Population characteristics: state the population characteristics (e.g., age, gender, and disease stage)
7. Number of patients included in each stage of the analysis and reason for dropout: description of number of patients at different

stage, including the number of patientswho participate in the study, whomet the inclusion criteria, andwho followed up and reason for
dropout
Assay method
1. Sample handling: state the method of storage
2. Assay method: state the type of assay method used to measure VEGF
3. Manufacturer: state the name of company which makes the assay for VEGF
4. Cutoff point determination: state methods used for cutoff point determination

Confounders
1. Conventional risk factors: state the conventional risk factors (e.g., age, gender, depth of tumor, lymph node metastasis)
2. Other biomarkers (e.g., p53, PCNA, and microvessel density): state other biologic marker relating with the disease

Outcome
1. Clinical endpoint: define the clinical endpoint
2. Validation: state the outcome events checked by independent source (e.g., medical records, outpatient visits, by letter, and by

telephone)
Analysis
1. Univariate estimate: report the effect of VEGF on outcome
2. Multivariate estimate: adjusted for risk factors or other biomarkers (list above)
3. Missing value: state the number of patients with missing value for VEGF or confounders and how to deal with it
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was 11 of a possible 18, and there was no statistical
difference between studies that assessed theoutcomewith
univariate survival analysis (n ¼ 12) or with multivariate
survival analysis (n¼ 19), withmean items being 10.7 and
11.2, respectively (P ¼ 0.297). All studies reported details
of the assay type, manufacturer, cutoff point determina-
tion, clinical endpoint, and univariate estimation. More
than 80% reported details of population source, sample
handling, conventional risk factors, andmultivariate esti-
mation. Of note, 17 studies attempted to control for other
important prognostic factors that may have confounded
the association of high VEGFwith survival. Three studies
referred to validation of outcome but no studies referred
to rational sample size and missing value.

The results of the meta-analysis are reported in Table 3
and Fig. 2. For all studies, with one exceptionwithHR¼ 1
(95% CI, 1.00–1.00; ref. 73), there did not appear to be any
major qualitative evidence for heterogeneity between
HRs, as assessed by inspection of the forest plot (Fig. 3).
For studies evaluating VEGF levels in ESCCs and esoph-

ageal cancers, the combined HRs were 1.81 (95% CI, 1.57–
2.10) and 2.24 (95% CI, 1.41–3.55), respectively, and
there was no evidence for heterogeneity within the 2
groups. The pooled HR estimate for survival in the 25
studies using IHC was 1.72 (95% CI, 1.47–2.02), with no
evidence for heterogeneity between studies. However,
when we limited the analysis to the 14 studies (n ¼
1,064) with a higher proportion of disease stage III þ IV
(>50%), the combinedHRwas 1.69 (95%CI, 1.39–2.04;Q¼
21.95; I2 ¼ 40.8%; P ¼ 0.056). When grouped according to
the survival analysis of individual studies, the combined
HRs of univariate survival analysis and multivariate
survival analysis were 1.85 (95% CI, 1.47–2.31) and 1.80
(95% CI, 1.51–2.14), respectively. There was significant
heterogeneity in the multivariate analysis with I2¼ 43.0%
and P ¼ 0.028.

Visual assessment of funnel plots provided no evidence
of overt publication bias for the studies (Fig. 3). Formal
evaluation using Egger’s test also failed to reveal evidence
for significant publication bias (P ¼ 0.543).

Discussion
In this meta-analysis, we found high VEGF expression

in esophageal cancers to be associated with an approxi-
mate 80% higher risk of death from the disease. Our
current finding is in agreement with recent meta-analysis
reports on VEGF expression in colorectal cancer, oral
carcinoma, and gastric carcinoma (76–78).

Quality assessment tools are being developed for prog-
nostic studies to help identify study bias and causes of
heterogeneity when conducting meta-analysis. We chose
to use the REMARK guidelines, which provide a useful
start for assessing tumor prognostic markers (15). We
operationalized the REMARK guidelines and found that
studies reported an average of 11 of 18 quality items. As
this is a relatively new tool, there is not much information
about what quality constitutes high versus low quality. In
our meta-analysis, studies based onmultivariate survival
analysis tended to be of a slightly higher methodologic

Figure 1. Search strategy flowchart.

Table 3. Meta-analysis: HR value in esophageal carcinoma subgroups according to histology, methods
detecting VEGF, and survival analysis

No. of
studies Patients

Random-effects
HR (95%CI)

Heterogeneity
test (Q, I2, P)

Total 30 2,345 1.82 (1.58–2.08) 37.66, 23.0%, 0.130
VEGF in ESCC 26 2,043 1.81 (1.57–2.10) 31.11, 19.6%, 0.185
VEGF in esophageal cancer 3 264 2.24 (1.41–3.55) 0.30, 0%, 0.861
VEGF by IHC 25 1,846 1.72 (1.47–2.02) 31.57, 24.0%, 0.138
VEGF by ELISA 3 311 2.31 (1.62–3.32) 3.00, 33.4%, 0.223
VEGF by RT-PCR 2 188 1.90 (1.24–2.91) 0.86, 0%, 0.353
Univariate 12 869 1.85 (1.48–2.31) 7.80, 0%, 0.731
Multivariate 18 1,476 1.80 (1.51–2.14) 29.82, 43.0%, 0.028

NOTE: Esophageal carcinoma includes ESCC and EADC.
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quality than studies based onunivariate survival analysis,
although this is not statistically significant.
In this systematic review with meta-analysis, we com-

bined 30 eligible studies, which included 2,345 patients
with esophageal cancer, to yield summary statistics that
indicate that high VEGF expression has a significant
correlationwith poor survival in patientswith esophageal
cancer. This correlation was observed in both ESCCs and
esophageal cancer. When analysis was restricted to stud-
ies with more advanced stages (stages IIIþ IV), we found
that the combinedHR (1.69)was lower than the combined
HR for the 30 eligible studies (1.82), suggesting that VEGF
expression could be a more important prognostic marker

for early-stage esophageal cancers. When limiting our
analysis to studies in esophageal cancers, we found a
worse prognostic significance of VEGF. Data were not
sufficient to determine the prognostic value of VEGF
expression in EADCs. The methods used to detect VEGF
also had an impact on significance. We observed that the
combined HRs were larger in groups using ELISA (2.31)
and RT-PCR (1.90) instead of IHC (1.72). The results were
consistent with all methods, with poorer survival in high
VEGF expressors, suggesting that VEGF detection tech-
niques are unlikely to be a source of bias. However, it is
still important to use standardized, well-definedmethods
to assess biomarkers. It is important to note that because of
the small number of primary studies using ELISA andRT-
PCR for analysis, the power to detect potentially impor-
tant differences is limited. The relationship between
serumVEGF and survival should be interpreted cautious-
ly and requires further study. The statistical analysis
method chosen to evaluate the survival data also did not
have an impact on significance, and results were similar
for studies that used either univariate or multivariate
survival analysis.

We found no significant heterogeneity among the 30
studies included in our review. When analysis was lim-
ited to histologic type and assaymethod, therewas also no
heterogeneity detected. However, heterogeneity was
observed when analysis was limited to the 18 studies that
used multivariate survival analysis. Data for multivariate
survival analysis reported in the primary articles were
included in the present systematic review with meta-
analysis. However, the data we obtained were adjusted
for different variables in each study. Adjustment for

Figure 2. Meta-analysis (forest plot)
of the 30 eligible studies assessing
VEGF in esophageal cancer.

Begg’s funnel plot with pseudo 95% confidence limits

2

1

0

–1

Lo
g 

[H
R

]

SE of log [HR]
0 0.2 0.4 0.6 0.8

Figure 3. Begg's funnel plot for publication bias test of 30 studies
assessing VEGF in esophageal cancer.
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potential confounding factors differed across studies, and
risk estimates were adjusted for age, gender, depth of
tumor penetration, and pathologic stage. The available
evidence does not systematically evaluate the indepen-
dence of the VEGF prognosis association from potential
confounders, and the extent of residual confounding is
unknown. Thus, this may explain why our collected
studies of multivariate survival analysis partly revealed
significance in heterogeneity. Publication bias remains a
major problem in assessing the validity of clinical research
studies. In the present analysis, we did not find evidence
that publication bias significantly influenced our results.

Several limitations of this meta-analysis could not be
ignored. First of all, although we did not observe signif-
icant publication bias between studies, it is uncertain
whether the cases are comparably representative in Asia
due to 26 of 31 studies conducted. Obviously, it is
unavoidable to miss some data because of unpublished
studies. Missing information may reflect a negative or
more conservative correlation between VEGF and surviv-
al, which could lower the significance of VEGF expression
as a predictor ofmortality (22). Second, studies enrolled in
our meta-analysis used IHC to detect VEGF level, which
represent potential selection bias. Cutoff values for high
VEGF expression differed in the percentage cell staining,
varying from 10% to 80%,with 10 studies using 10% and 9
using 30%. Six studies evaluated the association of VEGF
with clinical outcome using ELISA or RT-PCR. Although
results obtained from different methods are fixed, these
findings are consistent with our meta-analysis. Third, the
estimated data that we obtained were not adjusted for
other variables such as age, gender, histologic grade, and
tumor stage. This may cause variability in assessing these

variables between studies. It might be difficult to arrive at
a robust conclusion, given the correlation pattern of these
prognostic factors. Finally, there still might be a little error
when the approximate calculation method was used to
estimate the HR values, although 2 investigators calcu-
lated them separately.

In conclusion, our results suggest that high VEGF
expression may be associated with a poor prognosis in
patients with esophageal cancer and provide further sup-
port for more definitive investigations into the potential
clinical usefulness of measuring VEGF expression in
esophageal cancers.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Authors' Contributions
Conception and design: K. Li
Development of methodology: M. Chen, K. Li
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): M. Chen, E. Cai, Z. Huang, P. Yu, K. Li
Analysis and interpretation of data (e.g., statistical analysis, biostatis-
tics, computational analysis): M. Chen, E. Cai, Z. Huang, P. Yu, K. Li
Writing, review, and/or revision of the manuscript: M. Chen, K. Li
Administrative, technical, or material support (i.e., reporting or orga-
nizing data, constructing databases): M. Chen, K. Li
Study supervision: K. Li

Acknowledgments
The authors thank Enlin Yu for his technical help with the literature

search.

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.

Received January 14, 2012; revisedApril 9, 2012; acceptedApril 23, 2012;
published OnlineFirst May 7, 2012.

References
1. JemalA,BrayF,CenterMM, Ferlay J,WardE, FormanD.Global cancer

statistics. CA Cancer J Clin 2011;61:69–90.
2. Quiros RM, Bui CL. Multidisciplinary approach to esophageal and

gastric cancer. Surg Clin North Am 2009;89:79–96, viii.
3. Roukos DH, Murray S, Briasoulis E. Molecular genetic tools shape a

roadmap towards a more accurate prognostic prediction and person-
alized management of cancer. Cancer Biol Ther 2007;6:308–12.

4. SarbiaM, StahlM, FinkU,Willers R, Seeber S, Gabbert HE. Expression
of apoptosis-regulating proteins and outcome of esophageal cancer
patients treated by combined therapy modalities. Clin Cancer Res
1998;4:2991–7.

5. Gibault L, Metges JP, Conan-Charlet V, Lozac'h P, Robaszkiewicz M,
Bessaguet C, et al. Diffuse EGFR staining is associated with reduced
overall survival in locally advanced oesophageal squamous cell can-
cer. Br J Cancer 2005;93:107–15.

6. Ishikawa T, Furihata M, Ohtsuki Y, Murakami H, Inoue A, Ogoshi S.
Cyclin D1overexpression related to retinoblastomaprotein expression
as a prognostic marker in human oesophageal squamous cell carci-
noma. Br J Cancer 1998;77:92–7.

7. Langer R, VonRahdenBH, Nahrig J, VonWeyhernC, Reiter R, FeithM,
et al. Prognostic significance of expression patterns of c-erbB-2, p53,
p16INK4A, p27KIP1, cyclinD1 andepidermal growth factor receptor in
oesophageal adenocarcinoma: a tissuemicroarray study. JClin Pathol
2006;59:631–4.

8. OkunoY,Nishimura Y,Kashu I,OnoK,HiraokaM.Prognostic valuesof
proliferating cell nuclear antigen (PCNA) and Ki-67 for radiotherapy of

oesophageal squamous cell carcinomas. Br J Cancer 1999;80:
387–95.

9. Hicklin DJ, Ellis LM. Role of the vascular endothelial growth factor
pathway in tumor growth and angiogenesis. J Clin Oncol 2005;23:
1011–27.

10. Carmeliet P. VEGF as a key mediator of angiogenesis in cancer.
Oncology 2005;69 Suppl 3:4–10.

11. Kyzas PA, Cunha IW, Ioannidis JP. Prognostic significance of vascular
endothelial growth factor immunohistochemical expression in head
and neck squamous cell carcinoma: a meta-analysis. Clin Cancer Res
2005;11:1434–40.

12. Schoenleber SJ, Kurtz DM, Talwalkar JA, Roberts LR, Gores GJ.
Prognostic role of vascular endothelial growth factor in hepatocellular
carcinoma: systematic review and meta-analysis. Br J Cancer
2009;100:1385–92.

13. Zhan P,Wang J, Lv XJ,Wang Q, Qiu LX, Lin XQ, et al. Prognostic value
of vascular endothelial growth factor expression in patients with lung
cancer: a systematic review with meta-analysis. J Thorac Oncol
2009;4:1094–103.

14. Altman DG. Systematic reviews of evaluations of prognostic variables.
BMJ 2001;323:224–8.

15. McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, Clark GM.
REporting recommendations for tumour MARKer prognostic studies
(REMARK). Br J Cancer 2005;93:387–91.

16. Steels E, Paesmans M, Berghmans T, Branle F, Lemaitre F, Mascaux
C, et al. Role of p53 as a prognostic factor for survival in lung cancer: a

Chen et al.

Cancer Epidemiol Biomarkers Prev; 21(7) July 2012 Cancer Epidemiology, Biomarkers & Prevention1132

on May 17, 2016. © 2012 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst May 7, 2012; DOI: 10.1158/1055-9965.EPI-12-0020 

http://cebp.aacrjournals.org/


systematic review of the literature with a meta-analysis. Eur Respir J
2001;18:705–19.

17. Parmar MK, Torri V, Stewart L. Extracting summary statistics to
perform meta-analyses of the published literature for survival end-
points. Stat Med 1998;17:2815–34.

18. YusufS, PetoR, Lewis J,CollinsR,Sleight P.Beta blockadeduring and
after myocardial infarction: an overview of the randomized trials. Prog
Cardiovasc Dis 1985;27:335–71.

19. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring incon-
sistency in meta-analyses. BMJ 2003;327:557–60.

20. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials 1986;7:177–88.

21. Song F, Gilbody S. Bias in meta-analysis detected by a simple,
graphical test. Increase in studies of publication bias coincided with
increasing use of meta-analysis. BMJ 1998;316:471.

22. BeggCB,MazumdarM. Operating characteristics of a rank correlation
test for publication bias. Biometrics 1994;50:1088–101.

23. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Contour-
enhanced meta-analysis funnel plots help distinguish publication bias
from other causes of asymmetry. J Clin Epidemiol 2008;61:991–6.

24. Arii S, Mori A, Uchida S, Fujimoto K, Shimada Y, Imamura M. Impli-
cation of vascular endothelial growth factor in the development and
metastasis of human cancers. Hum Cell 1999;12:25–30.

25. Kleespies A, Bruns CJ, Jauch KW. Clinical significance of VEGF-A, -C
and -D expression in esophageal malignancies. Onkologie 2005;28:
281–8.

26. Andolfo I, Petrosino G, Vecchione L, De Antonellis P, Capasso M,
Montanaro D, et al. Detection of erbB2 copy number variations in
plasma of patients with esophageal carcinoma. BMC Cancer
2011;11:126.

27. Bedoya F, Meneu JC, Macias MI, Moreno A, Enriquez-De-Salamanca
R, Gonzalez EM, et al. Mutation in CNR1 gene and VEGF expression in
esophageal cancer. Tumori 2009;95:68–75.

28. Couvelard A, Paraf F, Gratio V, Scoazec JY, Henin D, Degott C, et al.
Angiogenesis in the neoplastic sequence of Barrett's oesophagus.
Correlation with VEGF expression. J Pathol 2000;192:14–8.

29. Driessen A, LanduytW, Pastorekova S,Moons J, Goethals L, Hauster-
mans K, et al. Expression of carbonic anhydrase IX (CA IX), a hypoxia-
related protein, rather than vascular-endothelial growth factor (VEGF),
a pro-angiogenic factor, correlateswith an extremely poor prognosis in
esophageal and gastric adenocarcinomas. Ann Surg 2006;243:
334–40.

30. Gold PJ, Goldman B, Iqbal S, Leichman LP, Zhang W, Lenz HJ, et al.
Cetuximab as second-line therapy in patients with metastatic esoph-
ageal adenocarcinoma: a phase II Southwest Oncology Group Study.
(S0415). J Thorac Oncol 2010;5:1472–6.

31. Koide N, Nishio A, Hiraguri M, Hanazaki K, Adachi W, Amano J.
Coexpression of vascular endothelial growth factor and p53 protein
in squamous cell carcinoma of the esophagus. Am J Gastroenterol
2001;96:1733–40.

32. KulkeMH, Odze RD,Mueller JD,Wang H, RedstonM, Bertagnolli MM.
Prognostic significance of vascular endothelial growth factor and
cyclooxygenase 2 expression in patients receiving preoperative che-
moradiation for esophageal cancer. J Thorac Cardiovasc Surg
2004;127:1579–86.

33. Luo KJ, Hu Y, Wen J, Fu JH. CyclinD1, p53, E-cadherin, and VEGF
discordant expression in paired regional metastatic lymph nodes of
esophageal squamous cell carcinoma: a tissue array analysis. J Surg
Oncol 2011;104:236–43.

34. Millikan KW,Mall JW,Myers JA, Hollinger EF, Doolas A, Saclarides TJ.
Do angiogenesis and growth factor expression predict prognosis of
esophageal cancer? Am Surg 2000;66:401–5; discussion 405–6.

35. Mobius C, Freire J, Becker I, Feith M, Brucher BL, Hennig M, et al.
VEGF-C expression in squamous cell carcinoma and adenocarcinoma
of the esophagus.World J Surg 2007;31:1768–72; discussion 1773–4.

36. Mobius C, Stein HJ, Becker I, FeithM, Theisen J, Gais P, et al. Vascular
endothelial growth factor expression and neovascularization in Bar-
rett's carcinoma. World J Surg 2004;28:675–9.

37. Mukherjee T, Kumar A, Mathur M, Chattopadhyay TK, Ralhan R. Ets-1
and VEGF expression correlateswith tumor angiogenesis, lymph node

metastasis, and patient survival in esophageal squamous cell carci-
noma. J Cancer Res Clin Oncol 2003;129:430–6.

38. Nomiya T, Nemoto K,Miyachi H, Fujimoto K, TakedaK,OgawaY, et al.
Relationships between radiosensitivity and microvascular density in
esophageal carcinoma: significance of hypoxic fraction. Int J Radiat
Oncol Biol Phys 2004;58:589–96.

39. Pan XF, Bao GL, FangWT, ChenWH. [VEGF-CmRNA expression and
its relationship with clinicopathological parameters in esophageal
squamous cell carcinoma]. Zhonghua Zhong Liu Za Zhi 2008;30:
437–40.

40. Rades D, Golke H, Schild SE, Kilic E. Impact of VEGF and VEGF
receptor 1 (FLT1) expression on the prognosis of stage III esophageal
cancer patients after radiochemotherapy. Strahlenther Onkol
2008;184:416–20.

41. Saad RS, El-Gohary Y, Memari E, Liu YL, Silverman JF. Endoglin
(CD105) and vascular endothelial growth factor as prognostic markers
in esophageal adenocarcinoma. Hum Pathol 2005;36:955–61.

42. Saad RS, Lindner JL, Liu Y, Silverman JF. Lymphatic vessel density as
prognostic marker in esophageal adenocarcinoma. Am J Clin Pathol
2009;131:92–8.

43. Wang XS, Liu MZ, Zhang CQ, Cai L, Cui NJ. [Effect of concurrent
chemoradiotherapy on serum vascular endothelial growth factor in
esophageal squamous cell carcinoma patients–a report of 43 cases].
Ai Zheng 2006;25:1428–32.

44. Zhang HZ, Zhang J, Xu N, Duan XB, He CN. [Expression and clinical
significance of hypoxia inducible factor-1alpha, survivin and vascular
endothelial growth factor in esophageal squamous cell carcinoma].
Zhonghua Bing Li Xue Za Zhi 2007;36:689–90.

45. Hu CZ, Wang YX, Zhang XZ. [Correlation between expression of
vascular endothelial growth factor and prognosis of patients with
esophageal squamous cell carcinoma]. Ai Zheng 2002;21:301–4.

46. Inoue K, Ozeki Y, Suganuma T, Sugiura Y, Tanaka S. Vascular endo-
thelial growth factor expression in primary esophageal squamous cell
carcinoma. Association with angiogenesis and tumor progression.
Cancer 1997;79:206–13.

47. Kimura H, Kato H, Tanaka N, Inose T, Faried A, Sohda M, et al.
Preoperative serum vascular endothelial growth factor-C (VEGF-C)
levels predict recurrence in patients with esophageal cancer. Antican-
cer Res 2008;28:165–9.

48. Kimura Y, Watanabe M, Ohga T, Saeki H, Kakeji Y, Baba H, et al.
Vascular endothelial growth factor C expression correlates with lym-
phatic involvement and poor prognosis in patients with esophageal
squamous cell carcinoma. Oncol Rep 2003;10:1747–51.

49. Kitadai Y, Haruma K, Tokutomi T, Tanaka S, Sumii K, Carvalho M,
et al. Significance of vessel count and vascular endothelial growth
factor in human esophageal carcinomas. Clin Cancer Res 1998;4:
2195–200.

50. Koide N, Nishio A, Kono T, Yazawa K, Igarashi J, Watanabe H, et al.
Histochemical study of vascular endothelial growth factor in squa-
mous cell carcinoma of the esophagus. Hepatogastroenterology
1999;46:952–8.

51. Kozlowski M, Kowalczuk O, Milewski R, Chyczewski L, Niklinski J,
Laudanski J. Serum vascular endothelial growth factors C and D in
patients with oesophageal cancer. Eur J Cardiothorac Surg 2010;38:
260–7.

52. Nomiya T, Nemoto K, Nakata E, Takai Y, Yamada S. Expression of
thymidine phosphorylase and VEGF in esophageal squamous cell
carcinoma. Oncol Rep 2006;15:1497–501.

53. Takeuchi H, Ozawa S, Shih CH, Ando N, Kitagawa Y, Ueda M, et al.
Loss of p16INK4a expression is associated with vascular endothelial
growth factor expression in squamous cell carcinoma of the esoph-
agus. Int J Cancer 2004;109:483–90.

54. XuW, Zhang L, Xie Y. [Expression of vascular endothelial growth factor
in primary esophageal squamous cell carcinoma and its significance in
angiogenesis and prognosis of the tumor]. Zhonghua Yi Xue Za Zhi
2001;81:860–2.

55. Yoshikawa R, Fujiwara Y, Koishi K, Kojima S, Matsumoto T, Yanagi H,
et al. Cyclooxygenase-2 expression after preoperative chemora-
diotherapy correlates with more frequent esophageal cancer recur-
rence. World J Gastroenterol 2007;13:2283–8.

VEGF and Prognosis in Esophageal Cancer

www.aacrjournals.org Cancer Epidemiol Biomarkers Prev; 21(7) July 2012 1133

on May 17, 2016. © 2012 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst May 7, 2012; DOI: 10.1158/1055-9965.EPI-12-0020 

http://cebp.aacrjournals.org/


56. Ahn MJ, Jang SJ, Park YW, Choi JH, Oh HS, Lee CB, et al. Clinical
prognostic values of vascular endothelial growth factor, microvessel
density, and p53 expression in esophageal carcinomas. J KoreanMed
Sci 2002;17:201–7.

57. Choi JY, Jang KT, Shim YM, Kim K, Ahn G, Lee KH, et al. Prognostic
significance of vascular endothelial growth factor expression and
microvessel density in esophageal squamous cell carcinoma: com-
parison with positron emission tomography. Ann Surg Oncol
2006;13:1054–62.

58. Inoue A, Moriya H, Katada N, Tanabe S, Kobayashi N, Watanabe M,
et al. Intratumoral lymphangiogenesis of esophageal squamous cell
carcinoma and relationship with regulatory factors and prognosis.
Pathol Int 2008;58:611–9.

59. Kato H, Yoshikawa M, Miyazaki T, Nakajima M, Fukai Y, Masuda N,
et al. Expression of vascular endothelial growth factor (VEGF) and its
receptors (Flt-1 and Flk-1) in esophageal squamous cell carcinoma.
Anticancer Res 2002;22:3977–84.

60. Kii T, Takiuchi H, Kawabe S, Gotoh M, Ohta S, Tanaka T, et al.
Evaluation of prognostic factors of esophageal squamous cell carci-
noma (stage II-III) after concurrent chemoradiotherapy using biopsy
specimens. Jpn J Clin Oncol 2007;37:583–9.

61. Kimura S, Kitadai Y, Tanaka S, Kuwai T, Hihara J, Yoshida K, et al.
Expression of hypoxia-inducible factor (HIF)-1alpha is associated with
vascular endothelial growth factor expression and tumour angiogen-
esis in human oesophageal squamous cell carcinoma. Eur J Cancer
2004;40:1904–12.

62. Liu P, Chen W, Zhu H, Liu B, Song S, Shen W, et al. Expression of
VEGF-C correlates with a poor prognosis based on analysis of prog-
nostic factors in 73 patients with esophageal squamous cell carcino-
mas. Jpn J Clin Oncol 2009;39:644–50.

63. Ogata Y, Fujita H, Yamana H, Sueyoshi S, Shirouzu K. Expression of
vascular endothelial growth factor as a prognostic factor in node-
positive squamous cell carcinoma in the thoracic esophagus: long-
term follow-up study. World J Surg 2003;27:584–9.

64. Rosa AR, Schirmer CC, Gurski RR, Meurer L, Edelweiss MI, Kruel CD.
Prognostic value of p53 protein expression and vascular endothelial
growth factor expression in resected squamous cell carcinoma of the
esophagus. Dis Esophagus 2003;16:112–8.

65. Shih CH, Ozawa S, Ando N, Ueda M, Kitajima M. Vascular endothelial
growth factor expression predicts outcome and lymph node metas-
tasis in squamous cell carcinoma of the esophagus. Clin Cancer Res
2000;6:1161–8.

66. ShimadaH,Hoshino T, Okazumi S,MatsubaraH, Funami Y, NabeyaY,
et al. Expression of angiogenic factors predicts response to chemor-
adiotherapy and prognosis of oesophageal squamous cell carcinoma.
Br J Cancer 2002;86:552–7.

67. ShimadaH, Takeda A, Nabeya Y, Okazumi SI, MatsubaraH, Funami Y,
et al. Clinical significance of serum vascular endothelial growth factor
in esophageal squamous cell carcinoma. Cancer 2001;92:663–9.

68. Shimada Y, Imamura M, Watanabe G, Uchida S, Harada H, Makino T,
et al. Prognostic factors of oesophageal squamous cell carcinoma
from the perspective of molecular biology. Br J Cancer 1999;80:
1281–8.

69. Tanaka T, Ishiguro H, Kuwabara Y, Kimura M,Mitsui A, Katada T, et al.
Vascular endothelial growth factor C (VEGF-C) in esophageal cancer
correlates with lymph node metastasis and poor patient prognosis. J
Exp Clin Cancer Res 2010;29:83.

70. Tzao C, Lee SC, Tung HJ, Hsu HS, HsuWH, Sun GH, et al. Expression
of hypoxia-inducible factor (HIF)-1alpha and vascular endothelial
growth factor (VEGF)-D as outcome predictors in resected esophageal
squamous cell carcinoma. Dis Markers 2008;25:141–8.

71. Cavazzola LT, Rosa AR, Schirmer CC, Gurski RR, Telles JP, Mielke F,
et al. Immunohistochemical evaluation for P53 and VEGF (Vascular
Endothelial Growth Factor) is not prognostic for long term survival in
end stage esophageal adenocarcinoma. Rev Col Bras Cir 2009;36:
24–34.

72. Kozlowski M, Naumnik W, Niklinski J, Milewski R, Dziegielewski P,
Laudanski J. Vascular endothelial growth factor C and D expression
correlates with lymph node metastasis and poor prognosis in patients
with resected esophageal cancer. Neoplasma 2011;58:311–9.

73. Dreilich M, Wagenius G, Bergstrom S, Brattstrom D, Larsson A,
Hesselius P, et al. The role of cystatin C and the angiogenic cytokines
VEGF and bFGF in patients with esophageal carcinoma. Med Oncol
2005;22:29–38.

74. Sun ZG, Wang Z, Liu XY, Liu FY. Mucin 1 and vascular endothelial
growth factor C expression correlates with lymph node metastatic
recurrence in patients with N0 esophageal cancer after Ivor-Lewis
esophagectomy. World J Surg 2011;35:70–7.

75. Uchida S, Shimada Y,WatanabeG, TanakaH, Shibagaki I, Miyahara T,
et al. In oesophageal squamous cell carcinoma vascular endothelial
growth factor is associated with p53 mutation, advanced stage and
poor prognosis. Br J Cancer 1998;77:1704–9.

76. DesGuetzG,UzzanB,Nicolas P,CucheratM,Morere JF, Benamouzig
R, et al. Microvessel density and VEGF expression are prognostic
factors in colorectal cancer.Meta-analysis of the literature. Br JCancer
2006;94:1823–32.

77. Li C, Zang J, Li XS. [Prognostic role of vascular endothelial growth
factor in oral carcinoma: a meta analysis]. Hua Xi Kou Qiang Yi Xue Za
Zhi 2011;29:39–43.

78. ChenJ, Li T,WuY,HeL, ZhangL,Shi T, et al. Prognostic significanceof
vascular endothelial growth factor expression in gastric carcinoma: a
meta-analysis. J Cancer Res Clin Oncol 2011;137:1799–812.

Chen et al.

Cancer Epidemiol Biomarkers Prev; 21(7) July 2012 Cancer Epidemiology, Biomarkers & Prevention1134

on May 17, 2016. © 2012 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst May 7, 2012; DOI: 10.1158/1055-9965.EPI-12-0020 

http://cebp.aacrjournals.org/


2012;21:1126-1134. Published OnlineFirst May 7, 2012.Cancer Epidemiol Biomarkers Prev 
  
Meilan Chen, Erhui Cai, Jizheng Huang, et al. 
  
Review and Meta-analysis
Expression in Patients with Esophageal Cancer: A Systematic 
Prognostic Value of Vascular Endothelial Growth Factor

  
Updated version

  
 10.1158/1055-9965.EPI-12-0020doi:

Access the most recent version of this article at:

  
  

  
  

  
Cited articles

  
 http://cebp.aacrjournals.org/content/21/7/1126.full.html#ref-list-1

This article cites 78 articles, 13 of which you can access for free at:

  
Citing articles

  
 http://cebp.aacrjournals.org/content/21/7/1126.full.html#related-urls

This article has been cited by 3 HighWire-hosted articles. Access the articles at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgat

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department

  
Permissions

  
.permissions@aacr.org

To request permission to re-use all or part of this article, contact the AACR Publications Department at

on May 17, 2016. © 2012 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst May 7, 2012; DOI: 10.1158/1055-9965.EPI-12-0020 

http://cebp.aacrjournals.org/lookup/doi/10.1158/1055-9965.EPI-12-0020
http://cebp.aacrjournals.org/content/21/7/1126.full.html#ref-list-1
http://cebp.aacrjournals.org/content/21/7/1126.full.html#related-urls
http://cebp.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
mailto:permissions@aacr.org
http://cebp.aacrjournals.org/

