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Abstract: VEGF is a frequently studied angiogenic factor in ovarian cancer (OC), and is 

considered to have an important role in the progression of OC. However, its diagnostic value 

has not been widely accepted because the conclusions are inconsistent and even conflicting. 

Therefore, we performed a meta-analysis to evaluate the diagnostic value of VEGF in OC.  

A systematic literature search was conducted using the PubMed, Cochrane Library, EMBASE, 

Chinese National Knowledge Infrastructure, and WANFANG databases for relevant published 

articles (the last search update was November 18, 2014). The diagnosis sensitivity, specific-

ity, positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio, and the summary 

receiver operating characteristic curves were pooled by Meta DiSc 1.4 software. A total of ten 

studies with 1,131 subjects were finally included in this meta-analysis. The pooled sensitivity, 

specificity, positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio, and sum-

mary receiver operating characteristic curves were 0.67 (0.63–0.73), 0.78 (0.75–0.81), 3.08 

(6.36–12.22), 0.39 (0.29–0.51), 9.10 (5.43–45.25), and 0.8175, respectively. Furthermore, to 

explore the sources of heterogeneity, we conducted subgroup analyses based on ethnicity and 

sample size. The diagnostic accuracy of VEGF was higher in an Asian population than in a 

Caucasian population. A similar finding was found in subgroups with the smaller sample size 

(100 subjects). In conclusion, the present meta-analysis suggests that VEGF has moderate 

diagnostic accuracy for OC. Considering our limitations and the heterogeneity among our 

selected studies, larger, well-designed prospective and multicenter validation studies are needed 

to evaluate the diagnostic value of serum VEGF for OC.
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Introduction
Ovarian cancer (OC) is the fifth most common type of cancer in females and the leading 

cause of mortality for gynecological malignancies.1,2 Most OC patients are diagnosed 

with late-stage disease because the asymptomatic progression is poorly understood 

and an efficient screening strategy is not presently available.3 As a result, many OC 

patients are either misdiagnosed or diagnosed at later stages with poor prognosis.4 

Thus, it is critical to understand the molecular mechanisms involved in OC progress 

and to identify early and accurate screening markers of OC is especially important 

for OC management.

VEGF, one of the key mediators of angiogenesis, promotes the recruitment and 

proliferation of endothelial cells and their precursors within the tumor, and thus plays 

a critical role in angiogenesis during tumor development.5,6 In 1994, Kondo et  al 

first recognized the potential of VEGF as a serum diagnostic marker for malignant 

disease.7 Accumulating evidence also has demonstrated that the circulating levels of 
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VEGF are elevated in various cancers, including colorectal 

cancer,8 lung cancer,9 gastric cancer,10 endometrial cancer,11 

breast cancer,12 OC.13 Thus, VEGF is a focus of interest with 

respect to vascular research and oncology.

VEGF is a frequently studied angiogenic factor in OC, and 

is considered to have an important role in the progression of 

OC. However, its diagnostic value has not been widely accepted 

because the conclusions are inconsistent and even conflicting. 

Therefore, we performed a systematic review and meta-analysis 

to evaluate the diagnostic value of circulating VEGF in OC, 

with the purpose to guide the clinical management.

Materials and methods
Literature search strategy
A systematic literature search was conducted using the 

PubMed,  Cochrane Library, EMBASE, Chinese National 

Knowledge Infrastructure, and WANFANG databases 

for relevant published articles (the last search update was 

November 18, 2014). Search terms “ovarian cancer”, “ovarian 

tumor”, “gynecological tumor”; “blood”, “serum”, “plasma”, 

“circulating”; “diagnosis”; and “sensitivity and specificity” 

were used individually and in various pairwise combinations. 

All eligible studies were retrieved, and their bibliographies 

were checked for other relevant publications.

Study selection criteria
Studies were included according to following criteria: 

1) studies regarding the diagnostic potential of circulating 

VEGF for OC; 2) studies with a gold reference standard for 

OC diagnosis; 3) sensitivity (SEN) and specificity (SPE) of 

VEGF were reported to provide sufficient information to 

construct 2×2 contingency tables. Exclusion criteria were 

as follows: 1) incomplete data to construct 2×2 contingency 

tables; 2) duplicate studies; 3) reviews, letters and comments; 

and 4) low-quality articles.

Quality assessment
Two reviewers (Liang and He) independently assessed the 

quality of included studies by using the QUADAS (Quality 

Assessment of Diagnosis Accuracy Studies) criteria, which was 

developed as a validated instrument for diagnostic studies.14 

QUADAS criteria includes 14 questions, each of which is 

scored as yes, no, or unclear (“yes” means “1” score, “no, or 

unclear” means “0” score), and the total scores were 14.

Data extraction
All studies meeting the inclusion criteria were indepen-

dently assessed by a pair of reviewers (Liang and Zhong). 

Disagreements were discussed and resolved by consensus. 

The following data were extracted from each study: first 

author’s name, publication year, country, ethnicity, sample 

size (number of cases and controls), method of laboratory 

measurements of VEGF, cut-off values, and diagnostic 

performance (SEN, SPE, true positive, false positive, false 

negative, and true negative), and QUADAS scores. More-

over, we conducted subgroup analysis by ethnicity (Asian 

and Caucasian) and sample size (100 subjects and 100 

subjects).

Statistical analyses
The STATA 12.0 software (StataCorp LP, College Station, 

TX, USA) and Meta-Disc 1.4 (XI Cochrane Colloquium, 

Barcelona, Spain) were used to perform all data analysis. 

In the meta-analysis, we used a bivariate regression approach 

to calculate the pooled SEN and SPE, positive and negative 

likelihood ratios (PLR and NLR, respectively), and sum-

mary receiver operating characteristic (SROC) curves to 

summarize the study results, as well as their corresponding 

95% confidence intervals (95% CIs). The Q and I2 statis-

tics were used to assess heterogeneity, where P0.05 or 

I250% were considered to indicate significant heterogene-

ity. When the result of the Q-test and I2 statistics suggested 

heterogeneity (P0.05 and I250%), a random-effects 

model (DerSimonian–Laird method) was used; otherwise, 

fixed-effects model (Mantel–Haenszel method) was adopted. 

Moreover, analysis of diagnostic threshold effects was quan-

tified by the Spearman correlation coefficient. Publication 

bias was assessed by visual inspection of Deek’s funnel 

plots which might affect the validity of the estimates. The 

symmetry of the Deek’s funnel plot was further evaluated by 

Egger’s linear regression test.15 P-values for all comparisons 

were two-tailed, and statistical significance was defined as a 

P-value less than 0.05.

Results
Baseline characteristics of included 
studies
The process of study selection was shown in Figure 1. We 

initially identified 1,071 candidate articles reporting results 

regarding circulating VEGF levels and the risk of OC. Of the 

1,071 studies, 1,035 were excluded following a preliminary 

review, leaving 36 studies for detailed full‑text evaluation. 

Finally, a total of ten studies with 478 cases and 653 controls 

were included for systematic review and meta-analysis. 

The characteristics of the included studies were shown in 

Table 1.16–25 Of ten studies, six studies were conducted in 
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Western countries, and four studies were conducted in Asian 

countries. Circulating VEGF was measured with enzyme-

linked immunosorbent assay (ELISA) in all included studies. 

All studies were published from 1998 to 2013, and the sample 

sizes ranged from 60 to 260 subjects.

Quality assessment of the included 
studies
The ten studies were scored by QUADAS method by two 

independent reviewers. All included studies had QUADAS 

scores 10, suggesting that the quality of included studies 

was generally high and satisfied the majority of the criteria. 

The study characteristics, along with QUADAS scores, were 

presented in Table 1.

Heterogeneity assessment and threshold 
effect
As shown by the forest plot of SEN, SPE, PLR, NLR, and 

diagnostic odds ratio (DOR) for VEGF levels in OC, the 

heterogeneity analysis revealed I2 values of 82.1% (P0.001) 

for SEN, 84.7% (P0.001) for SPE, 74.2% (P0.001) for 

PLR, 70.8% (P0.001) for NLR, and 63.2% (P=0.004) for 

DOR. This provided evidence of high levels of heterogeneity 

in the ten studies. However, the Spearman correction coef-

ficient was 0.321 (P=0.365), indicating heterogeneity was 

not caused by the threshold effect. Thus, the random effects 

model approach was used in this meta-analysis to eliminate 

heterogeneity.

Quantitative data synthesis
The pooled SEN of VEGF for OC diagnosis was 0.67 (95% 

CI: 0.63–0.71) (Figure 2A) and the pooled SPE was 0.78 

(95% CI: 0.75–0.81) (Figure 2B). The PLR was 3.08 (95% 

CI: 2.27–4.19) (Figure 3A), the NLR was 0.39 (95% CI: 

0.29–0.51) (Figure 3B), and the DOR was 9.10 (95% CI: 

5.43–15.25) (Figure 3C). The SROC curve shows an overall 

summary of tests, which illustrates the relationship between 

SEN and SPE. The bivariate SROC curves showed area 

Figure 1 Flowchart of studies included in meta-analysis.
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under the curve (AUC) of circulating VEGF was 0.8175, 

suggesting that efficiency of VEGF for OC diagnosis was 

considerable (Figure 4).

Subgroup analyses were also conducted according to the 

ethnicity and sample size to explore the source of heteroge-

neity. The assessment results of VEGF diagnostic accuracy 

in each subgroup were shown in Table 2. The subgroup 

analyses on ethnicity show that the SEN was 0.82 (95% CI: 

0.75–0.88), the SPE was 0.77 (95% CI: 0.71–0.82), the PLR 

was 3.12 (95% CI: 1.97–4.94), the NLR was 0.25 (95% CI: 

0.18–0.36), the DOR was 14.95 (95% CI: 8.76–25.50), and 

the AUC was 0.8705 for Asian population. By comparison, 

the corresponding SEN, SPE, PLR, NLR, DOR, and AUC 

of the Caucasian population were 0.60 (95% CI: 0.54–0.65), 

0.79 (95% CI: 0.75–0.83), 3.11 (95% CI: 1.99–4.85), 0.51 

(95% CI: 0.41–0.64), 7.00 (95% CI: 3.58–13.70), and 0.7814, 

respectively. Therefore, the diagnostic accuracy of VEGF 

was higher in an Asian population than in a Caucasian 

population.

A similar finding was found in the subgroup with the 

smaller sample size (100 subjects). For the studies with 

smaller sample size, the SEN was 0.81, the SPE was 0.72, 

and the AUC was 0.8113, respectively. While the studies 

with a larger sample size revealed that the SPE increased, 

but the SEN decreased significantly.

Publication bias
Deek’s funnel plot and Egger’s test were performed to 

assess the publication bias in the literature. In spite of a little 

asymmetry observed in Deek’s funnel plot, the Egger’s test 

demonstrated that there is no evidence of publication bias 

(P=0.799).

Discussion
OC remains a feared disease as non-specific symptoms result 

in delayed diagnosis and presentation with late-stage disease. 

To date, there is still a great need to improve early detection 

methods and to identify new diagnostic biomarkers.

VEGF, one of the most directly functional and power-

ful growth factors currently found, is an indispensable part 

for tumor growth, invasion, and metastasis.26 Based on the 

evidence that VEGF plays central roles in angiogenic pro-

cesses in cancer, various VEGF signal inhibitors, including 

anti-VEGF neutralizing antibodies and VEGFR kinase/multi-

kinase inhibitors, have been successfully developed and are 

now widely used in cancer therapy. So far, there are many 

studies dedicated to the relationship between circulating T
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Figure 2 Forest plots (random effects model) of pooled sensitivity and specificity of each included study for diagnosis of ovarian cancer. 
Notes: (A) Sensitivity; (B) specificity.
Abbreviation: CI, confidence interval.
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Obermair et al25

Robati et al16

Lawicki et al17

Qu et al18

Harlozinska et al19

Li et al20

Gorelik et al21

Tanir et al22

Tang and Ma23

Oehler and Caffier24

Obermair et al25

0.57 (0.41–0.72)

10.80.60.40.20

Specificity
10.80.60.40.20

Pooled sensitivity =0.67 (0.63–0.71)
χ 2=50.30; df=9 (P=0.0000)
Inconsistency (l 2) =82.1%

Specificity (95% Cl)
0.57 (0.37–0.75)
0.95 (0.89–0.98)
0.75 (0.59–0.87)
0.77 (0.64–0.88)
0.87 (0.79–0.93)
0.67 (0.56–0.77)
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A

B

VEGF levels and tumor behaviors of OC patients, but the 

results are inconsistent. To uncover the epidemiological 

features of VEGF and its diagnostic significance in OC, we 

performed a comprehensive analysis of the performance of 

circulating VEGF as a biomarker to diagnose OC.

The present meta-analysis showed that the pooled charac-

teristics were as follows: SEN of 0.67, SPE of 0.782, PLR of 

3.08, and NLR of 0.39. The results indicated that the diagnos-

tic accuracy may not be high enough as expected. However, 

VEGF still has moderate diagnostic value compared with tra-

ditional biomarkers, such as CA125 and HE4, (with sensitivi-

ties of 74.0% and 74.0% for diagnosing OC respectively).27 

DOR, ranging from 0 to ∞, is commonly used to evaluate 

test performance from a statistical point of view because it 

represents a single indicator of diagnostic test accuracy that 

combines SEN and SPE data.28 We calculated that the DOR 

of VEGF was 9.10 (95% CI: 5.43–15.25), indicating that the 

odds for positive VEGF results among subjects with OC was 

nine times higher than the odds for positive VEGF results 

among subjects without OC. This result further confirms that 

VEGF is a useful marker for the diagnosis of OC. The ideal 

SROC curves present a global summary of test performance 

and reveal the equivalency between SEN and SPE, and its 

position is near the upper-left corner, which would indicate 

a best performance.29 Our results indicated that the AUC was 

0.8175, suggesting that the level of overall accuracy of the 

circulating VEGF is acceptable.

Heterogeneity is a potential problem when conse-

quences are interpreted in a meta-analysis. In the present 

meta-analysis, significant heterogeneity was detected among 
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Figure 3 Forest plot (random effects model) of pooled positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio for diagnosis of ovarian cancer. 
Notes: (A) Positive likelihood ratio; (B) negative likelihood ratio; and (C) diagnostic odds ratio.
Abbreviations: CI, confidence interval; LR, likelihood ratio; OR, odds ratio.
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Table 2 Subgroup analysis for diagnostic accuracy of VEGF for ovarian cancer

Subgroup  
analysis

SEN (95% CI) SPE (95% CI) PLR (95% CI) NLR (95% CI) DOR (95% CI) AUC 

Overall 0.67 (0.63–0.71) 0.78 (0.75–0.81) 3.08 (2.27–4.19) 0.39 (0.29–0.51) 9.10 (5.43–15.25) 0.8175
Ethnicity 

Asian 0.82 (0.75–0.88) 0.77 (0.71–0.82) 3.12 (1.97–4.94) 0.25 (0.18–0.36) 14.95 (8.76–25.50) 0.8705
Caucasian 0.60 (0.54–0.65) 0.79 (0.75–0.83) 3.11 (1.99–4.85) 0.51 (0.41–0.64) 7.00 (3.58–13.70) 0.7814

Sample size
100 0.60 (0.55–0.66) 0.81 (0.77–0.85) 3.41 (2.00–5.79) 0.47 (0.35–0.63) 8.11 (3.75–17.54) 0.7832

100 0.81 (0.74–0.87) 0.72 (0.65–0.78) 2.78 (1.93–4.01) 0.28 (0.18–0.45) 10.33 (5.11–20.87) 0.8113

Abbreviations: SEN, sensitivity; SPE, specificity; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; AUC, area under curve; 
CI, confidence interval.

the selected studies by the Q-test and I2 statistic of inconsis-

tency analysis; therefore, we used random effect models to 

calculate SEN, SPE, PLR, and NLR, DOR, and SROC. The 

threshold effect is a primary cause of heterogeneity in test 

accuracy studies, but Spearman correlation coefficient was 

0.312 (P=0.365) in the present meta-analysis, suggesting 

that threshold effect may not be a heterogeneity source of 

this meta-analysis. In order to explore the potential source of 

heterogeneity, we performed subgroup analyses according to 

ethnicity and sample size. Moreover, the subgroup analysis 

showed that diagnostic performance of VEGF in an Asian 

population was better than that in the Caucasian population, 

indicating that the value of VEGF in the diagnosis of OC 

may be different between races. However, the subgroup 

analyses results showed that the above-mentioned factors 

do not significantly affect heterogeneity, suggesting that the 

influencing factors are complex.

There were still some limitations in our meta-analysis. 

First, VEGF is a recently discovered biomarker, so few 

studies were available for our meta-analysis; therefore, our 

results might change as more studies are performed with 

VEGF. Second, the controls included in our study proved 

to be quite heterogeneous. Different studies used different 

controls, such as healthy individuals and benign disease. 

The uniform control groups must be established so that the 

accuracy of circulating VEGF as a diagnostic tool may not 

be overestimated. Third, the number of studies included in 

this meta-analysis was limited; therefore, additional studies 

are needed to assess the diagnostic accuracy of VEGF in 

the future.

Figure 4 Summary receiver operating characteristic (SROC) curve for diagnosis of ovarian cancer.
Abbreviations: AUC, area under the curve; SE, standard error.
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Conclusion
In summary, the present meta-analysis suggests that cir-

culating VEGF has moderate diagnostic accuracy for OC. 

Considering our limitations and the heterogeneity among 

our selected studies, larger, well-designed prospective and 

multicenter validation studies are needed to evaluate the 

diagnostic value of circulating VEGF for OC.
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