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Abstract
Background  Advanced gastric cancer (AGC) is a severe malignant tumor associated with high mortality. Targeted therapy is 
an important approach for improving the therapeutic effects of AGC treatment. This study evaluates the efficacy and safety 
of targeted agents for AGC patients.
Methods  PubMed, EmBase, and the Cochrane Library were searched for double-blind randomized controlled trials (RCTs) 
of AGC treatments published prior to July 2017. Progression-free survival (PFS), overall survival (OS), objective response 
rate (ORR), and severe adverse effects (AEs) were evaluated to determine the efficacy and safety of targeted agents. A network 
meta-analysis with a frequentist framework was performed to assess the effects of various targeted agents for AGC treatment.
Results  Our analysis included 16 articles involving 5371 patients and 11 types of agents. The network meta-analysis showed 
that apatinib (97.5%) was most likely to improve PFS, followed by regorafenib (86.3%) and rilotumumab (65.4%). Apatinib 
was similarly best for OS outcome, (95.5%) followed by rilotumumab (74.7%) and regorafenib (70%). Apatinib (89.6%) also 
had the best improvement on ORR, followed by rilotumumab (75.4%) and everolimus (68.4%). Bevacizumab (85.5%) was 
likely to get the lowest severe AEs, followed by sunitinib (63%).
Conclusions  Apatinib, regorafenib, and rilotumumab improved patient PFS and OS. When combined with chemotherapy, 
ramucirumab and rilotumumab had high efficacy but low tolerability, and bevacizumab had moderate efficacy and tolerability 
for PFS. Without chemotherapy, ramucirumab and regorafenib had relatively high therapeutic efficacy tolerability for PFS.

Keywords  Advanced gastric cancer · Targeted therapy · Clinical treatment · Meta-analysis

Introduction

Gastric cancer is a common malignant tumor worldwide, 
especially in Asia. GLOBOCAN showed gastric cancer to 
be the fifth most common malignant tumor, with the third 
highest mortality in 2012 [1]. The high mortality stems from 
the considerable proportion of patients already presenting 
late-stage tumors at diagnosis [2]. Therefore, gastric cancer 
treatment mainly focuses on advanced stages. Gastric cancer 
incidence varies by region, with high incidence in East Asia. 
Due to prevalent early endoscopic screenings in Japan, more 
patients are diagnosed in early stages, leading to better treat-
ment outcomes [3]. Additionally, the incidence of cardiac 
carcinoma and gastroesophageal junction cancer (GEJC) 
may be related to reflux esophagitis and dysplasia in Barrett 
esophagus. Because of their close anatomic positions, these 
types of cancer are often studied together.
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The etiology of gastric cancer is still unclear, with pos-
sible factors including regional environment, diet habits, 
helicobacter pylori infection, and genetic factors. The main 
metastatic pathways of advanced gastric cancer (AGC) are 
local invasion, blood metastasis, lymph node metastasis, and 
peritoneal implantation. Because of low sensitivity, radio-
therapy is not commonly used. The current top treatments 
for AGC are systematic chemotherapy and palliative surgery. 
However, the overall survival rate of AGC remains unsat-
isfactory, with a median survival time of 8–11 months [4].

Although the efficacy of chemotherapy has gradually 
increased, patient survival has not seen significant improve-
ment. A recent chemotherapy network meta-analysis showed 
that 5-fluorouracil based regimens are effective in ORR and 
OS and that S-1 based regimens have high safety, yet the dif-
ferences between the regimens were not obvious in pairwise 
comparisons [5]. Another network meta-analysis compared 
the short-term effects of chemotherapy regimens in ORR and 
disease control rate (DCR) results. It showed that capecit-
abine and S-1 based multi-drug combination chemotherapy 
regimens are most effective [6]. This highlights the current 
lack of consensus for choosing the best advanced regimen 
for improving OS and ORR in AGC chemotherapy.

The efficacy of targeted therapy has been confirmed in 
breast and colorectal cancers, but the evidence in gastric 
cancer is still inadequate. Gastric cancer is highly heteroge-
neous, with abnormal expression and dysfunction of epider-
mal growth factor receptors (EGFRs), vascular endothelial 
growth factor receptors (VEGFRs), hepatocyte growth fac-
tor receptors (HGFRs), and mammalian target of rapamycin 
(mTOR) pathways, providing difficult conditions for targeted 
therapy [7]. At present, molecularly guided targeted thera-
pies are a promising approach for improving therapeutic 
effects for AGC. Targeted therapy is capable of accurately 
identifying and attacking aberrant proteins specifically in 
tumor cells while remaining safe for normal cells. However, 
there is still controversy regarding the optimal selection of 
targeted agents for clinical use.

Previous meta-analyses suggested that targeted therapy 
could improve ORR and PFS in AGC and GEJC patients [8]. 
The risk of severe AE was increased with treatment, though 
there was no significant increase in fatal AE [9]. Thus, tar-
geted therapy was shown to be effective and safe for AGC. 
For agent selection, a recent network meta-analysis showed 
that ramucirumab and trastuzumab have significant advan-
tages for improving OS and ramucirumab and endostar have 
significant advantages for improving PFS in AGC patients 
[10]. However, this study included randomized controlled 
trials (RCTs) which lack a blinded design so they could not 
eliminate psychological effects. The study also analyzed OS 
and PFS at different times, with overall effect never evalu-
ated. This resulted in inconsistencies such as endostar using 
different rankings between 1 and 2 year PFS, which might 

be puzzling for clinicians in practice. Furthermore, the study 
combined targeted therapy with chemotherapy, which may 
be lead to heterogeneity among studies that could make 
results unreliable. In this study, network meta-analysis was 
used to analyze various targeted agents of advanced gas-
tric cancer. Network meta-analysis is a more fitting analysis 
strategy for this study compared to traditional meta-analysis, 
as it can compare various targeted agents indirectly to high-
light the advantages and disadvantages of each agent, pro-
viding clearer guidance for the clinical application.

Methods

Data search strategy and selection criteria

This network meta-analysis was performed in accordance 
with the Preferred Reporting Items for Systematic Reviews 
statement for Network meta-analyses (PRISMA-NMA) 
(PRISMA NMA Checklist) [11].

Two authors independently searched for literature pub-
lished through July 30, 2017 using the electronic databases 
of PubMed, EmBase, and the Cochrane Library, with the 
keywords, “advanced”, “late-stage”, “terminal”, “unresect-
able”, “metastatic”, “gastric cancer”, “gastric carcinoma”, 
“carcinoma of stomach”, “stomach tumor”, and “random*” 
without language restriction. Due to the abundant types of 
targeted agents, their related keywords were not used. The 
references of relevant systematic reviews were assessed to 
ensure that no relevant studies were inadvertently omitted. 
Publications included in the present study met the follow-
ing criteria: (1) RCT with blinded design; (2) inclusion of 
advanced gastric cancer patients; (3) examination of two 
or more groups using target agents and comparison with or 
without combined chemotherapy; (4) inclusion of one or 
more of the following outcomes: PFS, OS, ORR, or severe 
AE. Exclusion criteria consisted of: (1) non-RCT with 
blinded design; (2) study not including AGC patients; (3) 
target agents were not used in a related controlled study; 
or (4) non-desired outcome study. Additionally, non-peer 
reviewed studies such as conference reports and dissertations 
were excluded due to their lack of reliability.

Data extraction and quality assessment

The following information from each eligible study was 
extracted independently by two authors: first author’s name, 
publication year, clinical register, abbreviation of research, 
country, sample size, age, proportion of AGC, intervention, 
control treatment, chemotherapy, and follow-up. In the present 
analysis, the primary outcome was PFS and the secondary 
outcomes were OS, ORR, and severe AEs. PFS and OS were 
defined as duration from the time of random assignment to the 
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time of events occurring, ORR assessed the rate of complete 
response plus partial response, and severe AE was defined as 
the grade three to five AE, per the National Cancer Institute 
Common Terminology Criteria for Adverse Events. The meth-
odological quality of the included trials was assessed using 
the Cochrane Collaboration’s tool, which assigns grades of 
“high risk”, “unclear risk”, or “low risk” of bias across seven 
specified domains [12].

Statistics analysis

Hazard ratios (HR) and 95% confidence intervals (CIs) results 
from each included study were used to evaluate the treatment 
effects of various targeted agents in AGC, which could reduce 
the heterogeneity impact cause by the different follow-up 
times. The HR in PFS and OS outcomes were then pooled for 
the meta-analysis. Odds ratios (ORs) or logarithm transforma-
tions with 95% CIs were also calculated in analyses for ORR 
and AE outcomes. A traditional pairwise meta-analysis was 
initially conducted to show the entire efficacy and safety of 
target agents compared to placebo. Statistical heterogeneity 
was assessed in each pairwise comparison using the I2 sta-
tistic and p value. When I2 > 50%, a random-effect model 
was used, otherwise a fixed-effect model was used. Subgroups 
analyses regarding combinations with chemotherapy were also 
performed. A random effects network meta-analysis was used 
for mixed multiple treatment comparisons, which adopted 
a frequentist framework [13]. In the network plot, the con-
nection of two interventions indicates a direct comparison. 
The nodes are weighted according to number of studies and 
edged according to the precision of the direct estimate for 
each pairwise comparison. We did not perform inconsistency 
analysis since targeted agents were compared to placebo in all 
included studies. Global and local inconsistencies were unable 
to be assessed because there were no closed loops in the net-
work. Surface under the cumulative ranking (SUCRA) prob-
abilities were used to rank the treatments for each outcome, a 
commonly used technique in network meta-analysis. Higher 
SUCRA probabilities indicate better treatment effects [14]. 
Comparison-adjusted funnel plots were used to determine 
whether small-study effects were present in the analysis [15]. 
All tests were two tailed, and a p value < 0.05 was considered 
statistically significant. Data analyses were performed using 
STATA software (version 13.0; Stata Corporation, College 
Station, TX, USA).

Results

Literature search

Our search identified 2973 articles after duplicates were 
removed. A total of 2922 articles were excluded after 

screening their titles and abstracts. Published meeting 
abstracts were also excluded. The full texts of the remaining 
51 articles were assessed, and the following types of stud-
ies were removed: studies with an open-label RCT design 
(n = 20); duplicate publications (n = 6); studies not includ-
ing AGC patients (n = 4); non-desired outcomes (n = 2); 
intergroup unbalances such as target agent versus best sup-
portive care or surgery (n = 2); and dosage-related studies 
(n = 1). Ultimately, sixteen articles involving 5,371 AGC 
patients were included in our systematic review [16–31] 
(Fig. 1).

Study characteristics

The included studies were published between 2002 and 
2017, with one study published in 2002 [31] and the remain-
ing 15 published after 2010 [16–30]. Several related RCTs 
lacking a blinded design were published before 2010, and 
these were excluded. Two included studies were not regis-
tered [21, 31], and eleven studies were multicenter [16, 19, 
20, 22–24, 26, 27, 29–31]. Three studies did not provide the 
patients’ age range [25, 28, 31]. Patients with AGC, GEJC, 
and esophageal tumors were included in our analysis, along 
with treatment drugs including apatinib, bevacizumab, 
everolimus, lapatinib, marimastat, onartuzumab, ramu-
cirumab, regorafenib, rilotumumab, sunitinib, and treba-
nanib. Placebos controls were used in all studies. Ten studies 
used chemotherapy in combination therapies [16–19, 22–25, 
29, 30]. Follow-up periods ranged from 8 months to 4 years. 
One study on marimastat did not report ORR outcome [29], 
but all primary and secondary outcomes were reported in 
all other studies. The general characteristics of the included 
studies are presented in Table 1 and Supplemental Table 1. 
All of the included studies used a double-blind RCT design, 
and the study quality was ideal and reliable. However, four-
teen studies were supported by pharmaceutical companies 
(Supplemental Fig. 1).

Traditional meta‑analysis

Traditional meta-analysis results showed that targeted 
agents significantly prolonged PFS in AGC patients (HR 
1.50; 95% CI 1.27–1.77; p < 0.001), and subgroup anal-
ysis showed that the advantage of targeted agents existed 
whether they were combined with chemotherapy treatment 
(HR 1.17; 95% CI 1.02–1.33; p = 0.026) or not (HR 2.28; 
95% CI 1.70–3.05; p < 0.001) (Fig. 2). For OS outcome, 
targeted agents were significantly better than placebo (HR 
1.17; 95% CI 1.02–1.33; p = 0.021). The subgroup analysis 
showed that targeted agents were only better than placebo 
when not combined with chemotherapy (HR 1.42; 95% 
CI 1.18–1.71; p < 0.001); those combined with chemo-
therapy did not have a statistically significant effect (HR 
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1.02; 0.87–1.19; p = 0.781) (Fig. 3). For ORR outcome, 
the fixed effect model showed that targeted agents are bet-
ter than placebo (HR 1.50; 95% CI 1.29–1.73; p < 0.001), 
and subgroup analysis showed consistent results whether the 
agents were combined with chemotherapy (OR 1.46; 95% CI 
1.26–1.70; p < 0.001) or not (OR 2.36; 95% CI 1.14–4.89; 
p = 0.021) (Supplemental Fig. 2). Targeted agents had a 
significantly higher ratio of severe AE than placebo (OR 
1.56; 95% CI 1.22–1.99; p < 0.001), whether combined with 
chemotherapy (OR 1.40; 95% CI 1.03–1.90; p = 0.032) or 
not (OR 1.88; 95% CI 1.23–2.88; p = 0.003) (Supplemental 
Fig. 3).Chemotherapy alone has high incidence of severe 
AE, therefore, our determination of the incidence of severe 
AE of targeted agents combined with chemotherapy may be 
an underestimation. The above results also showed substan-
tial heterogeneity for the majority of the targeted agents.

Network meta‑analysis

For the network meta-analysis of PFS, we analyzed 11 types 
of targeted agents, all of which were directly compared with 
placebo. In the network plot, nodes were weighted according 
to the number of studies and edges were weighted according 
to the precision of each comparison (Fig. 4a). Apatinib and 
ramucirumab were frequently investigated, and results of 
different trials comparing ramucirumab versus placebo were 
mostly precise. The results of the network meta-analyses are 
shown as a league table for all direct and indirect compari-
sons (Supplemental Tables 2–13). We ranked the compara-
tive effects of all agents. Apatinib (97.5%) was most likely 
to improve PFS, followed by regorafenib (86.3%) and rilo-
tumumab (65.4%) (Fig. 5). A comparison-adjusted funnel 
plot was used to assess publication bias and determine the 
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presence of small-study effects, and it did not suggest any 
publication bias (Fig. 6a). Targeted agents were separately 
analyzed alone or in combination with chemotherapy. The 
results for all possible comparisons are presented in the Sup-
plemental Tables. Rilotumumab (88.6%) was found to be 
most likely to improve PFS with chemotherapy, and apatinib 
(90%) was best without chemotherapy.

For OS outcomes, all 11 targeted agents were included 
and the network plot analyzed similar to the PFS results 
(Fig. 4b). The league table is shown for each pairwise com-
parison (Supplemental Tables  2–13). Apatinib (95.5%) 
was likely best, followed by rilotumumab (74.7%) and 
regorafenib (70%) (Fig. 5). The comparison-adjusted fun-
nel plot showed no potential publication bias (Fig. 6b). 
Subgroup analyses showed that rilotumumab (84.3%) was 
most likely to improve OS with chemotherapy, and apatinib 
(89.8%) was best without chemotherapy. For ORR outcome, 
ten types of targeted agents were included, not including 
marimastat (Fig. 4c). The league table showed that apat-
inib is better than sunitinib (logOR 2.35; 95% CI 0.03–4.67; 
p = 0.047). For improving ORR, apatinib (89.6%) was again 

best, followed by rilotumumab (75.4%) and everolimus 
(68.4%) (Fig. 5). No potential publication bias was seen 
(Fig. 6c). Similar to the PFS results, rilotumumab (87.4%) 
was likely best with chemotherapy, and apatinib (87.1%) 
was best without chemotherapy. For severe AE outcome, 
all 11 targeted agents were included (Fig. 4d). After pair-
wise comparisons, bevacizumab (85.5%) showed the low-
est severe AE, followed by placebo (78.8%) and sunitinib 
(63%) (Fig. 5), with no evidence of potential publication 
bias (Fig. 6d). Bevacizumab (89.8%) had the lowest severe 
AE with chemotherapy, and ramucirumab (72.8%) had the 
lowest severe AE except placebo without chemotherapy 
(76.2%).

We performed a comprehensive analysis of efficacy 
and tolerability. The cluster ranking showed that bevaci-
zumab had medium efficacy and high tolerability in PFS 
when combined with chemotherapy, and ramucirumab and 
regorafenib had medium efficacy and high tolerability with-
out chemotherapy. For OS outcome, bevacizumab also had 
medium efficacy and high tolerability with chemotherapy, 
and apatinib had high efficacy and low tolerability without 

Heterogeneity between groups: p = 0.000

I−V Overall  (I−squared = 83.7%, p = 0.000)
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Fig. 2   Forest plot of pairwise comparisons for PFS in traditional meta-analysis
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chemotherapy. For ORR outcome, bevacizumab again had 
ideal efficacy and high tolerability, and lapatinib, ramu-
cirumab, and rilotumumab had high efficacy and low toler-
ability when combined with chemotherapy (Supplemental 
Fig. 4).

Discussion

In this study, we performed a network meta-analysis to 
analyze efficacy and tolerability in AGC patients who were 
treated with targeted agents. We included 11 targeted agents 
including Apatinib, Bevacizumab, Everolimus, Lapatinib, 
Marimastat, Onartuzumab, Ramucirumab, Regorafenib, 
Rilotumumab, Sunitinib, and Trebananib. We included all 
relevant double-blind RCTs and comprehensively analyzed 
PFS and OS outcomes according to the Log-rank test results. 
We also performed subgroup analyses based on whether the 
agents were combined with chemotherapy. The findings of 
the traditional meta-analysis suggested that targeted therapy 

had significant advantages for PFS and ORR and no signifi-
cant differences were seen in OS outcome between targeted 
therapy and placebo when combined with chemotherapy, 
however, the increased incidence of severe AEs with tar-
geted therapy was also serious. In the network analysis, apat-
inib, regorafenib, and rilotumumab all improved patients’ 
PFS and OS. In subgroup analyses, apatinib with no chemo-
therapy had the best efficacy in PFS, OS, and ORR out-
comes but also had a high severe AE rate. Ramucirumab and 
regorafenib had relatively high therapeutic efficacy and good 
tolerability in PFS outcome. When combined with chemo-
therapy, rilotumumab and ramucirumab had high efficacy 
but low tolerability, and bevacizumab had moderate efficacy 
and good tolerability.

Angiogenesis is a common characteristic of tumors. 
VEGF is closely related to the prognosis for AGC patients, 
and high expression of VEGFR-2 also relates to AGC 
staging. Apatinib is a novel selective vascular endothelial 
growth factor receptor 2 tyrosine kinase inhibitor that has 
high efficacy in prolonging OS and PFS [21]. Regorafenib 
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is a multikinase inhibitor of VEGFR1-3, c-KIT, TIE-2, 
PDGFR-β, FGFR-1, RET, RAF-1, BRAF and p38 MAP 
kinase that has been shown to inhibit cancer growth [20]. 
In our results, Regorafenib was found to have acceptable 
therapeutic effects in AGC treatment without chemotherapy. 
It has also been approved to treat various advanced cancers.

Rilotumumab is an IgG2 monoclonal antibody against 
HGF that inhibits cancer cell proliferation, metastasis, and 
invasion. It has therapeutic effects for patients with high 
MET. However, in stage III clinical trials, rilotumumab 
was seen to increase the mortality of AGC patients with 
chemotherapy, so further research was terminated [32]. 
Ramucirumab is an IgG1 monoclonal antibody that blocks 
VEGFR-2 to inhibit angiogenesis. It is currently approved 
for AGC and non-small cell lung cancer treatment. In this 
study, it was effective for AGC whether or not it was com-
bined with chemotherapy, but the incidence of severe AE 
increased when it was combined with chemotherapy. Bev-
acizumab can inhibit the activity of VEGF and is widely 
used against cancers and ophthalmic diseases. Our results 
show that it has a low incidence of severe AE with mod-
erate effects. Interestingly, suntinib is an oral multikinase 
inhibitor of VEGFRs, but the effect was unsatisfactory when 

compared with the other agents. Possible reasons why could 
be analyzed in future basic research.

A previous network meta-analysis did not include apat-
inib, rilotumumab, regorafenib, etc. [10]. This study showed 
Ramucirumab to increase PFS, and endostar had superior 
results in 2–3 year PFS results. Because the median survival 
of AGC patients was less than 1 year, the number of progres-
sion-free and surviving patients would decrease substantially 
over 1 year. Thus, the long-term follow-up results of this 
study might be inaccurate. Moreover, in endostar related 
studies, the small number of AGC patients could affect the 
accuracy of the results [33]. Trastuzumab also significantly 
increased OS in AGC patients. Two trials from the Trastu-
zumab for Gastric Cancer (ToGA) trial were included in the 
analysis; however, these two studies were duplicate publi-
cations and had an open-label design [34, 35]. Therefore, 
in an improvement over previous network meta-analyses, 
our study used HR to eliminate the influence of different 
follow-up periods. We also only included blinded RCTs with 
study designs that have high credibility. In addition, apatinib, 
rilotumumab, regorafenib were included in our study, and 
we find that these agents have beneficial therapeutic effects, 
especially apatinib.
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Although targeted agents increase the incidence of severe 
AE, there are still few reports about fatal AE. Thus, cli-
nicians need to make individual choices about prolonging 
PFS and potential AE according to each patient’s condition. 
Additionally, gastric cancer involves multiple genes and 
targets, so resistance to targeted therapies can often arise 
through the establishment of a compensatory signaling 
pathway. Thus, combining chemotherapy and multi-targeted 
therapies is an inevitable trend. Targeted agents should be 
selected according to differential expression of specific pro-
teins in AGC patients to further improve the effect of tar-
geted therapy.

Our study has several limitations. First, the analysis was 
performed at the study level, resulting in lower accuracy 
than is possible in studies performed at the individual level. 
Second, the total number of studies and types of targeted 
agents included are small since we only analyzed high qual-
ity RCTs. Including studies with non-blinded designs would 
increase total numbers but reduce the reliability of our analy-
sis. Third, we did not investigate the effects of agents accord-
ing to different ethnic or protein expression profiles. Further 
studies could analyze the results in different ethnic groups or 
in patients with different protein expression profiles by sub-
group analysis. Fourth, we did not analyze the different types 
of AE produced by the agents, so only general severe AE 
results were reported in our analysis. Further well-designed 
RCTs are still needed to supplement our results on more 
types of targeted agents.

In conclusion, apatinib, regorafenib, and rilotumumab all 
showed significant positive effects on PFS and OS, however, 
apatinib had a high rate of severe AE. In subgroup analyses, 
ramucirumab and rilotumumab had high efficacy but low 
tolerability, and bevacizumab had moderate efficacy for PFS 
and good tolerability when combined with chemotherapy. 
When not combined with chemotherapy, ramucirumab and 
regorafenib had relatively high therapeutic efficacy and good 
tolerability in PFS outcome.
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