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Abstract
Background: The survival of advanced gastric cancer (GC) is dismal, and effects of antiangiogenic agents remain inconclusive.
The purpose of this study is to assess combination of chemotherapy with antiangiogenic therapy versus traditional chemotherapy.

Methods:To achieve the goal of scientific rigor, statistics from both referenced works and experiments were analyzed. We carefully
searched for the referenced works by retrieving, as well as analyzing, literature databases for information on antiangiogenic therapy
compared to other therapeutic approaches used to treat GC patients. Two groups were defined in the experiment: experimental and
control groups. The experimental group was treated with antiangiogenic drug, and the control group was treated with standard
chemotherapy or placebo.

Results: The study included a total of 3240 participants. Overall, there was significant improvement in overall survival (hazard ratio
[HR]=0.78, 95% confidence interval [CI]: 0.67–0.91, P=0.002), progression-free survival (HR 0.65, 95%CI: 0.52–0.81, P=0.0002),
objective response rate (risk ratio [RR]=1.58, 95% CI: 1.33–1.88, P<0.00001), and disease control rate (RR 2.44, 95%
CI: 1.57–3.78, P<0.0001) in the group with antiangiogenic drug versus the group with standard chemotherapy or placebo.
Moreover, this new treatment approach showed tolerable toxicity.

Conclusion: This study confirms the superior efficacy of combination therapy with antiangiogenic agents in comparison to
traditional chemotherapy regimens for patients with GC. Moreover, this new treatment approach showed tolerable toxicity. This
meta-analysis provides important information for clinicians who are interested in using antiangiogenic therapies to treat GC patients.

Abbreviations: ASCO = American Society of Clinical Oncology, CI = confidence interval, DCR = disease control rate, ECOG =
Eastern Cooperation Oncology Group, GC= gastric cancer, HR= hazard ratio, ORR= objective response rate, OS= overall survival,
PFS = progression-free survival, RCT = randomized controlled trial, RR = risk ratio.
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1. Introduction

Gastric cancer (GC) is a common digestive tract malignancy and
one of the leading causes of cancer deaths. GC morbidity is also
quite high worldwide, especially in Asia. GC is the eighth most
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common malignancy and sixth leading cause of cancer death
worldwide, with approximately 900,000 new cases and 500,000
deaths/y. As the most frequent histological type, adenocarcinoma
accounts for 90% of GCs. Although surgery is considered the
only radical treatment modality for early disease, 80%of patients
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who present with locally advanced or metastatic GC receive
limited benefit from gastrectomy. Therefore, chemotherapy plays
an important role in the multidisciplinary approach to GC
treatment.[1–6] Typically, traditional chemotherapy for GC
includes platinum, taxanes, fluorouracil, and adriamycin.[7]

However, the average survival time of 10 to 12 months
demonstrates the limited effectiveness of current treatments.[8–10]

In recent decades, chemotherapy has shown a poor curative effect
and duration of effect, which suggests that GC treatment should
involve combined therapy. At present, clinical research is
focusing on whether to combine small-molecule targeted
medicines with chemotherapeutics. Antiangiogenic compounds,
as a type of small-molecule targeted therapy, have also been
considered. Thus, new approaches are currently under investiga-
tion for GC treatment.[11–14]

Angiogenesis is associated with the processes of tumor
proliferation, metastasis, and migration.[15,16] Tumor-related
aberrant angiogenesis provides the nutrients necessary to grow
carcinomas, thereby enhancing the antianoxia ability of bulky
tumors.[17] Antiangiogenic treatment is a successful targeted
approach for a variety of cancer types and has recently been
added to traditional chemotherapy.[16,18–22]

Angiogenesis is the main pathway for the emergence and
development of malignant tumors. Angiogenesis in the tumor
environment provides the necessary nutrients and removes the
metabolites produced as a result of tumor growth. In addition,
cancer cells can migrate to other parts of the body via
angiogenesis. Thus, the inhibition of angiogenesis in the tumor
environment is vital for inhibiting tumor growth and
metastasis.[23–25]

Drugs of angiogenesis function to block angiogenesis-mediated
endothelial factors, thereby restraining cancer growth and
metastasis. Because angiogenesis is the main mechanism
responsible for tumor growth, antiangiogenic therapy has
become a leading choice for the treatment of cancers.[26,27]

Indeed, antiangiogenic treatment is also considered a promising
therapy for GC.
Recently, several randomized controlled trials (RCTs) were

conducted to evaluate the efficacy and toxicity of antiangiogenic
agents in combination therapy for GC. Nevertheless, the results
of these studies, in terms of survival and toxicities, are
inconsistent.[28–32] Thus far, there is still no systematic review
of prospective clinical trials investigating the pooled efficacy and
safety of antiangiogenic agents. Therefore, in this study, a
systematic review and a meta-analysis to assess the role of
antiangiogenic agents in GC were conducted.
2. Methods

To achieve the goal of scientific rigor, statistics from both
referenced works and experiments were analyzed. We carefully
searched for the referenced works by retrieving, as well as
analyzing, literature databases for information on antiangiogenic
therapy compared to other therapeutic approaches used to treat
GC patients. Two groups were defined in the experiment: the
experimental and control groups. The experimental group was
treated with antiangiogenic drug, and the control group was
treated with standard chemotherapy or placebo.
Figure 1. Select the relevant articles of process flowchart.
2.1. Ethical clearance

The study was approved by the institutional review board, the
Second Affiliated Hospital of KunmingMedical University Ethics
2

Committee for Clinical Investigation, and conducted in accor-
dance with the Declaration of Helsinki and Good Clinical
Practice.
2.2. Literature review and retrieval strategy

Twelve articles on this topic were identified, including 9
prospective studies and 3 American Society of Clinical Oncology
(ASCO) meeting abstracts. These resources were found in both
the PubMed and ASCO databases and included a total of 3240
participants. A flowchart for inclusion/exclusion of individual
studies (or articles) is presented in Fig. 1. The final literature
retrieval was updated on August 20, 2015. Two investigators
independently collected the data that met the inclusion criteria,
and differences were resolved by discussion. The retrieval
strategy included a combination of GC and other factors,
including “anti-angiogenesis drugs” or “bevacizumab,” “suni-
tinib,” “apatinib,” “epirubicin,” “ramucirumab,” “trebananib,”
or “TSU68.”

2.3. Criterion of acceptability and data extraction

The works included in the meta-analysis met the following
criteria: evaluated eligible patients (≥18 years) who were
histologically or cytologically diagnosed with GC and evaluated
the effectiveness of antiangiogenic drug.
Information extracted from the studies included the following:

the first author, publication year, total number of enrolled
participants, hazard ratio (HR) of the median progression-free
survival (PFS) and median overall survival (OS), risk ratio (RR)
and 95% confidence interval (CI) for objective response rate
(ORR) and disease control rate (DCR), common grade ≥3
adverse events, age (mean± standard deviation or age range,
years), gender, Eastern Cooperative Oncology Group (ECOG)
performance status, stage, and prior surgery.



Figure 2. Forest plot and pooled HR & 95%CI for progression-free survival: Anti-angiogeneis agents of experimental versus control group.
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2.4. Statistical analysis and quality assessment

The main outcomes evaluated included OS and toxicity. Addi-
tional outcomes included PFS, ORR, and DCR, as well as a meta-
analysis of the significance of antiangiogenic treatment for GC.
First, 2 authors evaluated the articles according to the inclusion

criteria. After evaluating the articles, the 2 authors discussed and
resolved any differences to reach a consensus.
The meta-analysis was strictly performed according to the

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statements, as shown in the Checklist.
2.5. Statistical analysis

The analysis of statistics was based on the results of the
comparison of the experiment and control groups. All study
groups were well balanced in terms of baseline characteristics in
each study enrolled. The results found that more than half of the
patients were men or ECOG 0 to 1. Heterogeneity was shown by
the frost plot and P value. In addition, a fixed method, the
Mantel–Haenszel method, was used to calculate the pooled HR
for survival outcomes (PFS and OS). In addition, a random
method, the DerSimonian–Laird method, was used to calculate
the pooled RR for dichotomous data (ORR and DCR) and
toxicity with a 95% CI.
Other factors were also considered and limited in a reasonable

range. All risk of bias calculations were assessed using Review
Manager (version 5.2 forWindows; the Cochrane Collaboration,
Oxford, UK). Publication bias was assessed using graphic funnel
plots (P<0.05 was considered statistically significant). Mean-
while, the Jadad scale was adopted to evaluate the studies in this
meta-analysis and obtain a Jadad score. Figure 2 shows the
results of this assessment.

3. Results

3.1. Study characteristics

The work characteristics, patient demographic details, therapeu-
tic methods, and curative effects for each study are presented in
Table 1.
The included RCTs evaluated a total of 3240 patients. In the

RCTs, 1 study provided no statistics on PFS, OS,ORR, andDCR,
and 3 studies lacked statistics on the DCR. However, on the
whole, the results showed improvements in PFS, OS, ORR, and
3

DCR following antiangiogenic treatment, as shown in Figs. 3–6,
respectively.

3.2. Primary outcome: OS and toxicity

Ten studies met the inclusion criteria and were ultimately
included for the OS analysis (Fig. 4). The pooled HR for OS was
0.78 (95% CI: 0.67–0.91, P=0.002). In summary, for patients
with GC, joint antiangiogenic therapy increased the likelihood of
survival and reduced the risk of death compared to standard
chemotherapy (HR for OS 0.78, 95% CI: 0.67–0.91, P=0.002).
As a result, patients with GC benefitted from antiangiogenic
agents.
In spite of 1 study showing the heterogeneity of the included

RCTs, there was noOS benefit. Similarly, other individual studies
and works revealed no substantial influence on the overall result.
Regarding adverse events, antiangiogenic treatment resulted in

a slight increase in the unit throughout the period studied.
Nevertheless, the differences were not statistically significant.
Table 2 lists the most common grade ≥3 toxicities.
3.3. Secondary outcomes: PFS, ORR, and DCR

Almost all of the studies analyzed the PFS, ORR, and DCR. The
experimental group showed slightly more improvement than the
control group in terms of PFS (HR 0.65, 95% CI: 0.52–0.81, P=
0.0002). Figure 3 shows the comparison between the 2 groups.
As shown in Fig. 5, antiangiogenic treatment improved the ORR
(RR 1.58, 95% CI: 1.33–1.88, P<0.00001).
Patients treated with antiangiogenic drugs showed significantly

better DCRs (RR 2.44, 95% CI: 1.57–3.78, P<0.0001), as
presented in Fig. 6.
Despite the pooled OS, PFS, ORR, and DCR, the above

analysis showed that antiangiogenic treatment was beneficial for
GC patients. As demonstrated by the statistics, the response rate
to antiangiogenic therapy was higher than to control treatment,
which helped to prolong the patient’s life span.
3.4. Toxicity analyses

Table 2 shows detailed information for each study about the
common adverse reactions that were equal to or greater than
grade 3. In the analysis of hematological toxicity, nausea, and
vomiting, we observed no differences between the experimental
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Table 1

Characteristics of included studies and agents.

Author Line Arms

No. of
enrolled
patients

Median
PFS, mo

Median
OS, mo

ORR
(event)

DCR
(event)

Age
(mean±SD
or age
range, y)

Sex
(male, %)

ECOG ps %
(0–1, ≥2)

Stage
II/III/IV

Prior
surgery, %

Eatock 1 AMG386 10mg/kg+CHT 56 4.2 9.1 15 – 61 (18–80) 73 98 2 0/0/100 7
AMG386 3mg/kg+CHT 59 4.9 9.4 25 – 57 (29–74) 75 100 0 – 5
Placebo+CHT 56 5.2 12.8 17 – 62 (37–84) 80 96 4 – 9

Fuchs 2 RAM+BSC 238 2.1 5.2 8 116 60 (52–67) 71 100 0 – –

Placebo+BSC 117 1.3 3.8 3 27 60 (51–71) 68 99 1 – –

Koizumi 1 TSU68+CHT 46 6.9 16.6 28 – 62 (30–74) 66.7 100 0 – –

CHT 47 7.1 15.5 26 – 63.5 (44–76) 76.1 100 0 – –

Li 3 Placebo 48 1.4 2.5 0 5 54 75 100 0 0/0/100 75
Apatinib 850mg qd 48 3.67 4.83 3 24 55 83 100 0 3/6/91 79
Apatinib 425mg bid 48 3.20 4.27 6 16 53 74 100 0 2/0/98 76

Ohtsu 1 Bevacizumab+CHT 387 6.7 12.1 143 236 58 (22–81) 66 94 6 – 28
Placebo+CHT 387 5.3 10.1 111 201 59 (22–82) 67 95 5 – 28

Okines NACT CHT 101 – – – – 62 (31–76) 74 100 0 35/55/0 –

Bevacizumab+CHT 99 – – – – 64 (40–80) 82 100 0 35/55/0 –

Qin 3 Apatinib 180 2.6 6.5 5 – 58 (23–71) 75 100 0 – 69.3
Placebo 90 1.76 4.66 0 – 58 (28–70) 75.8 100 0 – 73.6

Shen 1 Placebo+CHT 102 6.0 11.4 29 62 55.5 72.5 95.1 49 0/3.9/96.1 19.6
Bevacizumab+CHT 100 6.3 10.5 33 61 54.2 68 95 5 0/4/96 24

Wilke 2 Ramucirumab+PTX 330 4.4 9.63 92 – 61 (25–83) 69 – – – –

Placebo+PTX 335 2.86 7.36 55 – 61 (24–84) 73 – – – –

YI 3 Sunitinib+DOC 56 3.9 8.0 23 42 54 (20–72) 71.4 89.3 10.7 – –

DOC 49 2.6 6.6 7 25 52 (36–70) 67.3 93.9 6.1 – –

Yoon 1 Ramucirumab+
mFOLFOX

84 6.4 11.7 38 71 64.5 (27–83) 75 98.8 – –/–/95.2 –

Placebo+mFOLFOX 84 6.7 11.5 39 56 60 (34–82) 72.6 100 – –/–/94 –

Zhen NACT FOLFOX4 30 – – 21 28 49±19 33.3 73.7 27 0/83.3/16.7 –

Bevacizumab (d1)+
FOLFOX4 (d1)

29 – – 23 28 48±21 31 72.4 27.6 0/86.2/13.8 –

Bevacizumab (d1)+
FOLFOX4 (d5)

34 – – 29 33 50±23 35.3 76.5 23.5 0/82.4/17.6 –

BSC= best supportive care, BID = twice a day, CHT = chemotherapy, DCR = disease control rate, DOC = docetaxel, ECOG ps= Eastern Coorperative Oncology Group performance status, NACT= neoadjuvant
chemotherapy, ORR = objective response rate, OS = overall survival, PFS = progression-free survival, PTX = paclitaxel, QD = once a day, SD = standard deviation.
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and control groups. With respect to the incidence of hemorrhage,
proteinuria, and hypertension, the antiangiogenic group showed
a higher incidence of these adverse reactions than the control
group. However, the prevalence of these reactions was in the
tolerable range.
Figure 3. Forest plot and pooled HR & 95%CI for Overall survival:

4

3.5. Risk of bias and publication bias

In summary, there was a low risk of bias for all analyses,
including the meta-analysis. This low risk of bias was due to
random sequence generation, allocation concealment, blinding of
Anti-angiogeneis agents of experimental versus control group.



Figure 5. Forest plot and pooled HR & 95%CI for disease control rate: Anti-angiogeneis agents of experimental versus control group.

Figure 4. Forest plot and pooled HR & 95%CI for objective response rate: Anti-angiogeneis agents of experimental versus control group.

Figure 6. Publication bias qualitative analysis: funnel plot includes the meta-analysis of all studies outcome. (A) Overall survival, (B) progression-free survival; (C)
objective response rate; (D) disease control rate.

Lei et al. Medicine (2017) 96:10 www.md-journal.com
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Table 2

Most common grade ≥3 adverse events analyzed in the
meta-analysis.

3–4 grade, % Overall risk ratio

Adverse events EG CG (95% CI) P

Anemia 7.5 10.0 0.75 (0.56–1.00) 0.05
Platelets 5.9 3.0 1.89 (0.98–3.66) 0.06
Neutropenia 30.4 26.1 1.03 (0.68–1.56) 0.89
Leukocytes 7.8 8.9 0.85 (0.50–1.45) 0.55
Nausea 7.2 7.9 0.89 (0.64–1.25) 0.51
Fatigue 9.6 7.5 1.30 (0.95–1.77) 0.10
Vomiting 6.8 7.9 �0.01 (�0.03 to 0.02) 0.60
Diarrhea 7.5 4.2 1.75 (1.19–2.58) 0.004
Hemorrhage 13.6 6.1 1.02 (0.34–3.12) 0.97
Hypertension 7.4 1.2 5.38 (3.29–8.81) <0.00001
Proteinuria 4.6 1.6 2.91 (1.85–4.59) <0.00001
Hand–foot syndrome 5.4 4.5 1.27 (0.86–1.87) 0.23

CG = control group, CI = confidence interval, EG = experimental group.

Lei et al. Medicine (2017) 96:10 Medicine
outcome assessments, incomplete outcome data, selective
reporting, and other bias. In the 12 articles included in this
meta-analysis, there was no high-risk bias. In 4 of the studies, the
DCR risk of bias was unknown due to the lack of relative
statistics data, as listed in Table 2. Figure 7 shows the statistical
analysis for the publication bias, which was present in the OS
analysis. However, there was no apparent publication bias in the
other results, including for the PFS, ORR, and DCR.

4. Discussion

Chemotherapy plays a vital role in GC treatment, and traditional
chemotherapy with platinum-based regimens, taxane-based
regimens, and fluorouracil is widely used for GC patients.[33]

However, the clinical outcomes of GC patients remain
unsatisfactory, especially for those with extensive disease. At
present, research on cytotoxic drugs for GC has stagnated.
However, due to advances in molecular biology research, GC
treatments such as antiangiogenic therapy have been extended to
the molecular level. The goal of GC treatment is targeted therapy
with minimum toxicity.[34–37] In several studies, antiangiogenic
treatment has been shown to improve the survival of patients
with GC. However, inconsistent response rates, survival rates,
and toxicities have been reported.[20,36,37] Therefore, this meta-
analysis was conducted to determine the role of antiangiogenic
Figure 7. Evaluation o
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agents in treating GC. Based on our analysis, the combination of
antiangiogenic agents with chemotherapy may be beneficial for
patients with GC in terms of OS, although potential publication
bias should be considered when interpreting these results.
For patients with GC, the optimal aims are to relieve cancer-

related symptoms, minimize treatment-related toxicity, prolong
the survival time, and improve the quality of life. Therefore,
toxicity is particularly relevant. In other words, efforts should be
made to simultaneously prolong the survival time and decrease
the toxicity, thus improving the patient’s quality of life.
According to reports in the literature, the antiangiogenic
treatments applied to the experimental group led to better
outcomes in comparison to the control group, with fewer
digestive tract reactions and hematologic toxicities. Our results
demonstrated that there was a higher incidence of grade ≥3
hemorrhage, hypertension, proteinuria, and diarrhea in patients
administered antiangiogenic combination regimens. In addition,
the risk of fatigue and hand–foot syndrome was equivalent in the
2 groups. Therefore, combination therapy with antiangiogenic
agents may be associated with tolerable toxicity and better
efficacy than traditional regimens.
Not all data were shown in the original studies. Baseline

characteristics (age, sex, pathologic stage, previous surgery,
ECOG score, etc.) were balanced across all patients. Further
analysis found that age, gender, and staging had little effect on
antiangiogenic effects. The clinical efficacy of antiangiogenic
therapies was difficult to predict.[38] Furthermore, it remains
unclear whether antiangiogenic agents dosage should be adjusted
according to the patient’s age, the progress of the disease
throughout the process of treatment, or whether the original
treatment should be changed or terminated according to the
patient’s toxicity tolerance.[39] There was no treatment difference
in OS or PFS in subgroup analysis.[40] The percentage of patients
with an ECOG performance status of 0 in the apatinib arm was
relatively higher than that in the control arm (27.3% vs 16.5%),
but there was no statistically significant difference between the 2
arms (P=0.0674).[41] According to previous studies, a greater
benefit with antiangiogenic strategies can be expected in
Caucasian patients’ as compared with Asian patients’ GC.[42]

Improvements in the comprehensive diagnosis and treatment
of GC hold significant promise for advancing GC prognosis and
improving patient quality of life. With the continuous develop-
ment of science and technology, diagnosis and treatment for GC
are constantly being improved. In the near future, cancer
morbidity will likely be better controlled worldwide, and the
recovery rate will be greatly improved.
f each study bias.
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Due to small sample sizes and other factors related to
individual studies, it can be difficult to draw reliable conclusions.
However, with the integration and analysis of results from
multiple studies, meta-analysis has become an important method
for the analysis of a given treatment modality because this
approach provides more stable estimates of the effect. However,
several limitations should be considered when interpreting
the results of this analysis. First and foremost, this analysis
involved various patient groups in the early and advanced stages
of GC, which increased the clinical heterogeneity of our meta-
analysis and complicated the interpretation of our results.
Moreover, a variety of combined regimens were included in our
study, which made it difficult to determine which treatment was
most effective or contributedmost to the observed heterogeneity.
Therefore, larger scale, high-quality studies should be performed
to identify patients who would most likely benefit from
antiangiogenic treatment regimens. Last, our analysis was based
on assembled data from different studies instead of original
individual patient data, making the treatment benefit more
uncertain.
In conclusion, our results confirm the superior efficacy of

combination therapy with antiangiogenic agents in comparison
to traditional chemotherapy regimens for GC patients; moreover,
this new treatment approach showed tolerable toxicity. This
meta-analysis provides important information for clinicians who
are interested in using antiangiogenic therapies to treat GC
patients.[43–45]
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