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 Background: Hepatocellular carcinoma (HCC) is characterized by rich vascularization in the tumor, and vascular endotheli-
al growth factor (VEGF) plays important roles in vascularization. The results of the roles of VEGF in predicting 
efficacy of sorafenib in HCC are conflicting. In this meta-analysis, we aimed to investigate the prognostic and 
predictive value of VEGF in HCC patients receiving sorafenib.

 Material/Methods: PubMed, Embase, and Cochrane library electronic databases were systematically searched for eligible stud-
ies. The baseline characteristics were recorded and overall qualities of the eligible studies were assessed by 2 
reviewers independently. VEGF levels and data relevant to efficacy of sorafenib were extracted and used for 
meta-analysis.

 Results: The comprehensive search yielded 9 studies that evaluated the relationship between VEGF level and clinical 
outcome in advanced HCC patients treated with sorafenib. Pooled estimates suggested that high level of VEGF 
was associated with poor overall survival (HR=1.85; 95% CI: 1.24–2.77; P=0.003) and poor progression-free 
survival (HR=2.09; 95% CI: 1.43–3.05; P<0.01) in HCC. Mutation of VEGF had a favorable effect on hand-foot 
skin reaction in HCC patients treated with sorafenib (P<0.05).

 Conclusions: High level of VEGF is associated with poor outcomes in HCC patients treated with sorafenib, indicating that 
VEGF could be used as an indicator of clinical efficacy in patients with HCC. However, more well-designed stud-
ies are needed to strengthen our findings.

 MeSH Keywords: Prognosis • Carcinoma, Hepatocellular • Receptors, Vascular Endothelial Growth Factor

 Full-text PDF: http://www.medscimonit.com/abstract/index/idArt/894617

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Pharmacy, Women’s and Children’s Hospital, Linyi, Shandong, 
P.R. China

2 Department of Obstetrics, Women’s and Children’s Hospital, Linyi, Shandong, 
P.R. China

3 Department of Emergency Medicine, Capital Medical University Tongren Hospital, 
Beijing, P.R. China

4 Department of Pharmacy, First People’s Hospital, Jining, Shandong, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2015; 21: 3144-3151

DOI: 10.12659/MSM.894617

3144
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

META-ANALYSIS



Background

Hepatocellular carcinoma (HCC) is one of the most common 
malignancies and has increasing incidence, which causes mil-
lions of cancer-related death globally [1]. Due to the low pos-
itive rates of diagnosis of HCC, a large proportion of HCC pa-
tients lose their opportunity to receive curative-intent therapies, 
such as resection, radiofrequency ablation, and liver transplan-
tation. The prognosis of patients with advanced HCC with or 
without prior locoregional treatment is dismal due to lack of 
effective therapy and the complex nature of liver disease [2–5]. 
However, with the accumulating recognition of underlying 
mechanisms of HCC, a number of newly developed molecu-
lar targeted agents are emerging and changing the situation.

In recent years, much attention has been focused on reveal-
ing the molecular factors or pathways that account for tumor 
development, growth, and metastases. It is now recognized 
that angiogenesis is crucial for cancer development, survival, 
and invasion. The process of formation of new blood vessel 
in the tumor microenvironment has been the target for ther-
apeutic regimens. Angiogenesis is an elegant process consist-
ing of continuous, sequential periods that finally lead to tumor 
neovascularization. Angiogenesis contributes to the significant 
growth of many cancers, including HCC, and the vascular endo-
thelial cells are involved in these steps when the dimension of 
the tumor exceeds 0.5 mm [6,7]. Vascular endothelial growth 
factor (VEGF) is a master regulator of angiogenesis in normal 
and malignant tissues. There are various family members of 
VEGF and each of them exerts biological functions by binding 
to different receptors. VEGF plays important roles in prompt-
ing proliferation of endothelial cells, thus favoring neovascu-
larization around and within tumor tissues. VEGF participates 
in several other processes such as recruitment of endotheli-
al cells and activation of receptors related to the proliferation 
of tumor cells [8,9]. With regards to the critical roles of VEGF 
in HCC, VEGF-targeted agents that are effective in the treat-
ment of advanced disease have been developed. Sorafenib is 
a small molecular tyrosine kinase inhibitor that has been used 
in the treatment of HCC for years. By blocking the synthesis 
of important cellular factors (e.g., VEGF) in the regulation of 
angiogenesis and progression of HCC, sorafenib shows effec-
tiveness in clinical application [10–13]. As level of VEGF can be 
measured in blood samples, several clinical studies questioned 
whether VEGF could provide sensitive information about HCC 
response to sorafenib treatment, even adverse events caused 
by sorafenib. However, the results of these studies do not agree.

In the present meta-analysis, we systematically searched clin-
ical studies related to whether VEGF could predict response 
of HCC to sorafenib.

Material and Methods

Protocol and registration

The protocol of this review is PRISMA. This study did not have 
registration information.

Eligibility criteria

Patients: advanced HCC patients, with or without prior treat-
ment; Intervention: Sorafenib in combination with other treat-
ment or not; Comparison: low level of VEGF vs. high level of 
VEGF; Outcomes: objective responses, progression-free sur-
vival, and overall survival.

Information sources and search

The online electronic databases including PubMed, Embase, 
the Cochrane Library, and CNKI (China National Knowledge 
Infrastructure) were included and searched for eligible stud-
ies for this meta-analysis (date limit: December 1, 2014). The 
following terms were used for the systematic search: “hepa-
tocellular carcinoma”, “liver cancer”, “HCC”, “VEGF”, “vascu-
lar endothelial growth factor”, “response”, “prognosis” and 
“sorafenib”. For studies without full texts, we contacted the 
corresponding authors to gain detailed information. We also 
used Google Scholar to identify relevant studies. The refer-
ences cited in the reviews were also taken into consideration.

Study selection

For selecting the eligible articles, we used the following crite-
ria: (1) level of VEGF in the blood sample of patients with HCC 
was detected by RT-PCR (reverse transcription-polymerase chain 
reaction) or ELISA (enzyme-linked immunosorbent assay); (2) 
reporting data on treatment efficacy and survival; (3) only the 
most recent article investigating the same population published 
by the same author was included. Two well-trained reviewers 
were involved in the process of study selection. Any disagree-
ment about inclusion was solved by discussion.

Data extraction and quality assessment

Baseline characteristics of each included study, such as title, 
author, year of publication, journal, numbers of patients, age, 
sex, intervention, definition of cut-off value, and primary and 
secondary endpoints, were extracted. If any type of data men-
tioned above was not available (NA) from the primary study, 
data were recorded as NA. As most of the included articles 
were observational studies, quality score or quality-related 
criteria for inclusion was not applied.
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Statistical analysis and synthesis of results

Eligible studies with survival data were included for the syn-
thesis of survival results, and hazard ratio (HR) and its 95% 
confidence intervals (95% CI) in overall survival (OS) and dis-
ease-free survival (DFS) were used for the meta-analysis of sur-
vival. If the HR and its 95% CI could not be obtained from the 
primary study, the methods reported in the study of Parmar 
et al. was introduced [14], or the calculator provided by the 
RevMan 5.3 was used to gain missing data.

To detect heterogeneity between the included studies, the c2 tests 
were performed based on the Peto’s method [15], and inconsis-
tency value (I2) was calculated. The fixed-effects model was ap-
plied when there was no significant heterogeneity, whereas the 
random-effects model was used if the heterogeneity between HRs 
was significant. The pooled effect of VEGF level on predicting re-
sponse to sorafenib was defined as statistically significant if the 
p value was less than 0.05. All steps of calculation of meta-analy-
sis were performed by RevMan 5.3 (The Cochrane Collaboration).

Results

Study selection and characteristics

After the systematic search, 9 observational studies 
[16–24] involving 1202 patients with HCC were eligible for 

inclusion (Figure 1). The ages of participants had a wide range, 
from 21 years to 91 years. The publication year ranged from 
2011 to 2014. Two studies reported the role of VEGF SNP for 
predicting response to sorafenib in advanced HCC patients. 
One study reported data about VEGFR in predicting response 
to sorafenib. Three trials reported the prognostic value of VEGF 
level on survival in patients treated with sorafenib. Seven of 
the 9 studies reported that high level of VEGF was associated 
with poor efficacy of sorafenib, and the other 2 studies were 
conference abstracts and did not provide enough informa-
tion. The detailed characteristics of the included studies are 
presented in Table 1.

Results of meta-analysis

The cut-off values of defining high level of VEGF were 54.9 
pg/ml and 68.6 pg/ml in the studies of Charles and Miyahara, 
respectively. The pooled results of the OS are shown in Figure 2. 
Overall, the combined HR for the included studies assessing 
high level of VEGF on OS was 1.85 (95% CI: 1.24–2.77), indi-
cating that high level of VEGF was associated with poor re-
sponse to sorafenib for HCC. Significant heterogeneity was not 
observed among the included studies. High level of VEGF had 
a statistically significant effect on OS in HCC patients treated 
with sorafenib (P=0.003).

The estimated results of the PFS are presented in Figure 3. The 
pooled HR for eligible studies evaluating the prognostic role 

Figure 1.  Flow chart of the selection of eligible 
studies.
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of high level of VEGF on PFS was 2.09 (95% CI: 1.43–3.05), in-
dicating that high level of VEGF was associated with poor ef-
ficacy of sorafenib for HCC. The I2 value was 0, indicating that 
the heterogeneity was not significant between the included 
studies. High level of VEGF had a statistically significant ef-
fect on PFS in HCC patients treated with sorafenib (P<0.01).

We also evaluated the effect of VEGFR2 on predicting effica-
cy of sorafenib in patients with HCC. The pooled results of the 
PFS are shown in Figure 4. Overall, the combined HR of VEGF 
on PFS was 1.08 (95% CI: 0.52–2.24), indicating that high level 
of VEGFR2 failed to reflect the response to sorafenib for HCC. 
High level of VEGFR2 did not have a statistically significant ef-
fect on PFS in HCC patients treated with sorafenib (P=0.83).

Only 1 study [18] reported data on the effect of VEGF SNPs on 
incidence of hand-foot skin reaction (HFSR). The pooled results 
of the VEGF SNP for prediction of HFSR are shown in Table 2. 
Overall, VEGF SNPS were associated with high OR for grade 2 
or 3 HFSR in HCC patients treated with sorafenib. Mutation of 
VEGF had a statistically significant effect on incidence of HFSR 
in HCC patients treated with sorafenib (P<0.05).

One study [19] reported VEGF and its genotyping in the predic-
tion of clinical outcome for HCC patients treated with sorafenib; 
the results showed that VEGF SNPs were significant predictors 
of PFS and OS (Table 3).

Study Year n Age Sex (M/F) Patients Intervention Endpoints Samples Test time

Josep 
et al.

2012 602 Sorafenib: 
64.9±11.2;

Control: 
66.3±10.2

524/78 Advanced, 
measurable
HCC

Sorafenib: 
400 mg, bid

OS, TTP Blood Baseline, 12 
weeks after 
treatment

Andrea 
et al.

2014 44 67.7±10.1 38/6 HCC Sorafenib: 
800mg/d

OS, RR Blood Baseline, 16 
weeks after 
treatment

Lee 
et al.

2013 59 57 (37–75) 52/7 HCC Sorafenib: 
400 mg, bid

ORR, VEGF Blood, 
tissue

NR

Scartozzi 
et al.

2014 148 69 (41–86) 130/18 HCC Sorafenib: 
400 mg, bid 

VEGF SNPs Blood Baseline, every 3 
weeks

Tsuchiya 
et al.

2012 47 70±9 38/9 Advanced, 
inoperable
HCC

Sorafenib Plasma 
VEGF;
RR

Blood Baseline, 2 week 
after, and every 
month until 
discontinuation 
of sorafenib

Chen 
et al.

2013 54 45 (21–71) 46/8 Advanced
HCC

Sorafenib: 
400 mg, bid

Treatment 
response, 
survival and 
TTP

Tissue Every 4 weeks

Miyahara 
et al.

2013 126 68 (36–91) 105/15 Advanced
HCC

Sorafenib: 
400/200 mg, 
bid

RR, OS, PFS, 
VEGF

Blood NR

Charles 2011 37 NR 34/3 Advanced
HCC

Sunitinib: 
50 mg/day

ORR Blood 4 weeks

Tsuchiya 
et al.

2014 63 70 (40–85) 53/10 Advanced, 
inoperable
HCC

Sorafenib: 
800/400/ 
200 mg
in 28/28/7 
patients

OS, RR
VEGF

Blood Baseline, 1 
month after 
starting 
sorafenib, and 
every 3 months 
thereafter

Table 1. Baseline characteristics of the included studies.

n – number of patients; M – male; F – female; HCC – hepatocellular carcinoma; OS – overall survival; TTP – time to progression; 
ORR – objective response rate; NR – not reported; VEGF – vascular endothelial growth factor; PFS – progression free survival; 
SNPs – single nucleotide polymorphisms.
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Discussion

There has been increasing attention on searching for and prov-
ing prognostic indicators for HCC patients because these cellu-
lar factors guide clinical therapy and monitoring outcomes. To 
provide as much specific and accurate evidence as possible, it 
is essential to study certain markers for predicting treatment 
outcomes using data from clinical trials. In the present study, 
we examine the prognostic value of different levels of VEGF 
on predicting outcome of HCC patients who were treated with 

sorafenib. In this systematic review and meta-analysis, we in-
cluded and assessed 9 observational studies involving 1202 
patients, comparing efficacy of sorafenib in HCC patients with 
high and low levels of VEGF, aiming to prove the predictive 
role of VEGF in monitoring efficacy of sorafenib. Pooled esti-
mates showed that high level of VEGF before treatment cor-
related with good response to sorafenib in HCC.

Besides evaluating the predictive role of VEGF on efficacy 
and survival in HCC, several published meta-analysis studied 

Figure 2.  Levels of VEGF for predicting whether overall survival could be improved by treatment of sorafenib in HCC.

Study or subgroup Log [hazard ratio] SE Weight
Hazard ratio

IV, fixed, 95% CI
Hazard ratio

IV, fixed, 95% CI

Charles 2011
Miyahara 2013

Total (95% CI)
Heterogeneity: Chi2=0.91, df=1 (P=0.34); I2=0%
Test for overall effect: Z=3.01 (P=0.003) 0.01 0.1

Favours high level of VEGF Favours low level of VEGF
10 1001

0.9282
0.4947

0.3848
0.2423

28.4%
71.6%

100.0%

2.53 [1.19, 5.38]
1.64 [1.02, 2.64]

1.85 [1.24, 2.77]

Figure 3.  Levels of VEGF for predicting whether progression free survival could be prolonged by administration of sorafenib in HCC.

Study or subgroup Log [hazard ratio] SE Weight
Hazard ratio

IV, fixed, 95% CI
Hazard ratio

IV, fixed, 95% CI

Charles 2011
Miyahara 2013

Total (95% CI)
Heterogeneity: Chi2=0.00, df=1 (P=0.95); I2=0%
Test for overall effect: Z=3.83 (P=0.0001) 0.01 0.1

Favours high level of VEGF Favours low level of VEGF
10 1001

0.7655
0.7324

0.4558
0.213

17.9%
82.1%

100.0%

2.15 [0.88, 5.25]
2.08 [1.37, 3.16]

2.09 [1.43, 3.05]

Figure 4.  Response of VEGFR2 after administration of sorafenib for predicting progression free survival in HCC.

Study or subgroup Log [hazard ratio] SE Weight
Hazard ratio

IV, fixed, 95% CI
Hazard ratio

IV, fixed, 95% CI

Charles 2011
Chen 2013

Total (95% CI)
Heterogeneity: Chi2=0.00, df=1 (P=0.95); I2=0%
Test for overall effect: Z=3.83 (P=0.0001) 0.01 0.1

Favours VEGFR ≥3 Favours VEGFR <3
10 1001

0.6098
–1.2588

0.4379
0.695

71.6%
28.4%

100.0%

1.84 [0.78, 4.34]
0.28 [0.07, 1.11]

1.08 [0.52, 2.24]

SNP Grade 2 or 3 HFSR Without grade 2 or 3 HFSR OR P

VEGF 94 40 19 13.30 0.005

VEGF 1991 39 19 10.13 0.036

VEGF IVS3-28 40 19 6.28 0.017

Table 2. VEGF polymorphisms associated with high-grade (grade 2 or 3) hand-foot skin reactions (n=59).

VEGF – vascular endothelial growth factor; HFSR – hand-foot skin reaction; OR – odds ratio; SNP – single nucleotide polymorphism.
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the similar value of VEGF in various types of tumors, includ-
ing lung cancer [25–29], gastric cancer [30,31], colorectal can-
cer [32,33], and head and neck squamous cancer [34]. These 
studies together suggested that VEGF plays important roles 
in development, growth, metastasis, and angiogenesis of tu-
mors, as well as in affecting clinical outcomes in advanced 
HCC patients. It is now recognized that VEGF is crucial for tu-
mor angiogenesis. VEGF has already been a primary thera-
peutic target for curing various tumors. Sorafenib is one of 
the main monoclonal antibodies against generation of sev-
eral intracellular factors proved to be critical for cancer de-
velopment and progression, including VEGF. In recent years, 
sorafenib has been widely used in the treatment of HCC and 
it exhibited powerful efficacy. However, whether VEGF could 
be used to predict the response to sorafenib in patients with 
advanced HCC it is not clear.

Our results showed that VEGF level could be used to predict 
response to sorafenib in patients with HCC. These data were 
in accordance with the results of previously published meta-
analyses [35–37] that reported VEGF was a good indicator of 
prognosis and outcome, although we mainly focused on sys-
tematically reviewing the relationship between VEGF and re-
sponse to sorafenib in HCC patients. Zhan et al. [35] exam-
ined the correlation between overexpression of VEGF and the 
efficacy in HCC patients by searching for relevant articles and 
analyzing their data. They included 14 studies and the results 
suggested that high level of VEGF had an unfavorable effect 
on overall survival, but had no significant impact on disease-
free survival. Finally, they concluded that VEGF overexpres-
sion indicated a poor prognosis for HCC. Another meta-analy-
sis published in 2009 also examined the relationship between 
VEGF and clinical outcome in HCC patients [37]. The authors 

performed a meta-analysis to evaluate the use of VEGF as a 
predictor of survival in patients treated for HCC. The results 
showed that high VEGF levels predicted poor overall and dis-
ease-free survival, indicating that VEGF levels appeared to have 
obvious predictive ability for evaluating efficacy in HCC and 
may be useful for defining prognosis in HCC [37]. However, 
these studies did not directly estimate the association between 
levels of VEGF and efficacy of sorafenib. There were some im-
provements in our study by only including studies that ex-
plored the predictive role of VEGF on response to sorafenib in 
HCC. The results showed that high level of VEGF after admin-
istration of sorafenib was associated with poor response to 
sorafenib. VEGF may be a useful predictor of the response to 
sorafenib alone or in combination with other therapies in pa-
tients with HCC. Monitoring of VEGF changes after treatment 
was useful to evaluate the efficacy of sorafenib and to pre-
dict the prognosis of advanced HCC.

Three of the 9 studies were performed using patients from 
hospitals in Asia, and the rest were performed in cohorts from 
Western populations. This raises the question of whether the 
results could be skewed, because the prevalence of HCC in 
Asia is undoubtedly higher than in the rest of the world. By 
controlling the included studies, we found that the estimated 
value of VEGF for predicting response to sorafenib was simi-
lar. This suggested that the results of this study might be ap-
plicable in HCC patients both from Asia and Western.

There are several limitations in the present study. The first is 
the publication bias. Although there was no significant het-
erogeneity between included studies, it is worth noting that 
the number of participants in most of the primary studies are 
limited, the treatments of HCC patients are sorafenib alone or 

SNPs Genotype n PFS (months) HR P OS (months) HR P

VEGF A CC 108 5.7
1.54 0.038

16.1
2.19 0.0004

TT+TC 40 3.4 8.6

TT+TC 116 6.1
0.64 0.046

14.7
0.57 0.017

CC 32 3.0 7.4

CC 52 7.6
0.67 0.044

17.9
0.61 0.025

AA+AC 96 4.5 12.6

CC+CG 87 6.9
1.66 0.0096

17.0
1.91 0.0016

GG 61 4.0 9.3

VEGF-C TT+TC 51 10.1
0.57 0.0043

22.0
0.62 0.0334

CC 97 4.3 13.0

Table 3. VEGF genetic polymorphisms are associated with different PFS and OS.

VEGF – vascular endothelial growth factor; SNP – single nucleotide polymorphism; PFS – progression free survival; HR – hazard ratio.
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in combination with other regimens, the samples used for de-
tecting levels of VEGF are different, the detection time of VEGF 
in different studies varies from 2 weeks to a few months, and 
the cut-off values for considering high level of VEGF are not 
consistent among the included studies. These factors influence 
the overall effect of VEGF in predicting efficacy of sorafenib. 
The second limitation is that not all of the included studies 
provided sufficient data for the pooled analysis. A total of 3 
articles failed to provide useful information when estimating 
the role of VEGF for prediction of response to sorafenib. The 
information about VEGFR was available in only 1 study. Two 
studies reported VEGF SNPs for predicting clinical outcomes 
after administration of sorafenib. With regards of these facts, 
bias within and between studies remains a major concern af-
fecting the results of the meta-analysis. We recommend that 
the PRISMA [38] and the views proposed by McShane et al. [39] 
should be considered for improving the reporting of prognos-
tic studies of tumors; they mainly include blinded assessment 
of prognostic markers to patient outcome, prospective study 
design, trial time period, precise outcome definition, provi-
sion of candidate variable list, and adequate description and 

references for assay methods [37]. Further studies using the 
above criteria are needed.

Conclusions

In conclusion, our meta-analysis explored the correlation be-
tween prognostic value of VEGF level and efficacy of sorafenib 
in patients with HCC. As demonstrated in our study, it was con-
cluded that high VEGF level after administration of sorafenib 
was associated with poor survival and poor clinical efficacy, 
and no significant heterogeneity was found between studies. 
In order to strengthen the results, more prospective studies 
with well-designed, better-standardized detection of VEGF are 
required to estimate the association between VEGF level and 
the efficacy of sorafenib in patients with HCC.
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