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A B S T R A C T

Although paclitaxel plus ramucirumab has been recommended as the preferred second-line strategy, other re-
gimens also display potentially comparable efficacies. Record retrieval was conducted in PubMed, Web of
Science, Cochrane Central Register of Controlled Trials, Embase, ASCO and ESMO meeting libraries.
Randomized controlled trials featuring comparisons between different systemic treatments among previously
treated patients with advanced gastric cancer were eligible for our systematic review. Network calculation were
based on random-effects model and the relative ranking of each regimen was numerically indicated by P-score
(CRD42018104672). Concerning second-line regimens, “paclitaxel plus olaparib” and “paclitaxel plus ramu-
cirumab” dominated the overall survival ranking while “paclitaxel plus ramucirumab” additionally topped the
hierarchy for progression-free survival. Among refractory or third-line only cases, apatinib reigned the hierarchy
by significantly and insignificantly surpassing placebo and nivolumab respectively. In conclusion, paclitaxel plus
ramucirumab is the optimal second-line regimen. Both apatinib and nivolumab could be potentially re-
commended as refractory regimens.

1. Introduction

Gastric cancer is the fifth most common malignancy and third
leading cause of cancer relevant mortality worldwide, with more than
half of its cases occurring in East Asia (Cancer, 2012; Siegel et al.,
2018). Among those with metastatic or locally inoperable gastric
cancer, fluoropyrimidine plus platinum is currently recommended as
the preferred first-line regimen, which may be also in combination with
trastuzumab for HER-2 positive patients (2018). Nonetheless, despite of
the increasing survival benefits against advanced gastric cancer, there is
still a considerable amount of patients failing those therapies and forced
to receive further treatments.

Salvage second-line chemotherapy has been confirmed to sig-
nificantly enhance the overall survival compared to best supportive
care (Ford et al., 2014; Kang et al., 2012; Thuss-Patience et al., 2011).
At present, cytotoxic chemotherapies including paclitaxel, docetaxel,
irinotecan, as well as vascular endothelial growth factor 2 (VEGFR2)
monoclonal antibody ramucirumab have all been recommended in the
second-line setting (2018), especially for paclitaxel plus ramucirumab,
which displayed significant survival superiority over paclitaxel mono-
therapy (Wilke et al., 2014) and thus has been regarded as the preferred
second-line regimen (2018). Moreover, randomized controlled trials on

the potential application of pembrolizumab and olaparib in the second-
line setting were also reported recently (Bang et al., 2017; Shitara et al.,
2018), making the medication pool of possible second-line options even
larger. However, since most of the studies utilized paclitaxel mono-
therapy as the control arm, the relative efficacies between paclitaxel
plus ramucirumab with other alternative regimens remain statistically
ill-defined.

Even though with the treatment of second-line medications, a large
proportion of patients continue to have disease progression, who are
regarded as refractory cases and needed to receive third-line or further
therapies (Hwang et al., 2017). Currently, there is no consensus on
refractory medications, despite of several targeted drugs demonstrating
significant survival benefits over placebo, such as nivolumab and apa-
tinib (Hwang et al., 2017; Li et al., 2016). Therefore, a comprehensive
evidence summary and proper literature interpretation on this frontier
field are urgently needed.

Unfortunately, those already published systematic reviews (Badiani
et al., 2015; Chan et al., 2017; Harvey, 2017; Iacovelli et al., 2014; Kim
et al., 2013; Ter Veer et al., 2016; Zhang et al., 2016; Zheng et al., 2017;
Zhu et al., 2017) either performed pairwise meta-analysis with sig-
nificant clinical heterogeneity, or failed to conduct adequate and up-
dated literature search and interpretation, especially not including
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those trials published in the last two years (Table 4). Moreover, since
network meta-analysis enables the ranking of all possible regimens even
though without direct comparisons, we decided to perform a systematic
review and network meta-analysis featuring systemic therapy for pre-
viously treated advanced gastric cancer.

2. Methods

2.1. Registration and guidelines

The protocol of this systematic review and network meta-analysis
had been published in PROSPERO (CRD42018104672). The design,
conduct and writing of this systematic review and network meta-ana-
lysis was strictly in accordance with the requirements from PRISMA
Checklist for Network Meta-analysis and Cochrane Handbook 5.1. Each
step was conducted by two investigators of our research group. Any
discrepancy was judged and solved by the third investigator.

2.2. Search strategy

Electronic databases including PubMed, Web of Science, Cochrane
Central Register of Controlled Trials and Embase were comprehensively
examined. Additionally, we also thoroughly searched major databases
for meeting abstracts, including ASCO and ESMO Meeting Library. The
searching process started at June 1st until August 12th of 2018, covering
the possible trials published from inception to August 2018. Both ab-
stract and main text of the retrieved entries were rigorously assessed in
order to guarantee the accuracy of selection. Furthermore, in case of
omission, the reference lists of nine previously published systematic
reviews had also been reviewed and compared with ours (Badiani et al.,
2015; Chan et al., 2017; Harvey, 2017; Iacovelli et al., 2014; Kim et al.,
2013; Ter Veer et al., 2016; Zhang et al., 2016; Zheng et al., 2017; Zhu
et al., 2017) (Table 4). The full search strategies were presented in
Supplementary materials.

2.3. Selection criteria

Studies that met the following criteria were eligibly included: 1.
PICOS: Participant (patients with locally advanced inoperable, re-
current or metastatic gastric cancer, including gastro-esophageal junc-
tion cancer), Intervention (second or further line systemic therapies
with cytotoxic chemotherapies or targeted medications after previous
treatments), Comparator (paclitaxel plus ramucirumab in second-line
setting and placebo in refractory setting), Outcome (survival or safety
analysis) and Study design (phase 2 and phase 3 randomized controlled
trials); 2. Trials reported from inception to August 2018 without lan-
guage limitations.

Studies were excluded from systematic review due to the following
reasons: 1. Interim or repetitive reports from the same registered study
(we only included the one with the longest follow-up period); 2.
Crossover design.

2.4. Risk of bias assessment

The quality of each eligible study was evaluated by The Cochrane Risk
of Bias Tool. The entire scale was constituted by seven domains, namely
random sequence generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, incomplete outcome
data, selective reporting and other sources of bias. According to the criteria
on Cochrane Handbook 5.1, each domain could be judged as any of the
three levels, including low risk, unclear risk or high risk of bias. Results of
each study and their scoring evidences were described in eTable 2. If the
majority of items were judged as low risk of bias, then the entire metho-
dological design of network meta-analysis was regarded as low risk of bias,
and vice versa. Here, studies were defined to be low-quality if four or more
items were scored as high risk of bias.

2.5. Data extraction

Pre-designed forms were utilized to collect and organize the original
data. General information, survival and safety data were extracted from
main text, tables, survival curves or supplementary materials, which
had been cross-checked by two different investigators in our team be-
fore quantitative incorporations. For different purposes, general data or
subgroup data (such as the second-line only data from studies reporting
both second-line and refractory treatments) were specifically extracted.

2.6. Baseline parameters and endpoints

All possible baseline parameters that could influence the clinical
characteristics of each study were included and analyzed in our sys-
tematic review. Since most studies were completed via multinational
cooperation, the leading country of each study was defined by the na-
tionality of its first corresponding author, who usually took charge of
the project. Age referred to the median age of overall population. Here,
population referred to the source region of patients that had been
analyzed in the studies. Western population covered patients from West
Europe, North America and Australia, while eastern population referred
to those living in East Asia countries including Japan, South Korea and
China. If the study contained both western and eastern population, or
patients from other area in the world (such as South America), it was
regarded as versatile population. Pathological specificity suggested
whether there was a requirement of specific target positivity among
recruited patients. Visceral involvement suggested the metastatic in-
volvement of liver and lung. More details of baseline parameters were
listed in Table 1.

The primary endpoint was overall survival, while secondary end-
points included progression-free survival, objective response rate, he-
matological adverse events and non-hematological adverse events.
Generally, overall survival and progression-free survival were defined
as the time from randomization to death from any cause and the time
from randomization to disease progression or death from any cause
respectively (eTable 1). Objective response rate equaled the percentage
of patients with complete and partial response. The hematological ad-
verse events included leukopenia, neutropenia, anemia, thrombocyto-
penia and other relevant events such as febrile neutropenia and infec-
tion with neutropenia. The remaining adverse events were defined as
non-hematological adverse events. We only counted grade 3 or higher
(National Cancer Institute Common Terminology Criteria for Adverse
Events) adverse events due to their clinical significances.

2.7. Statistical analysis

Our systematic review contained both narrative and quantitative
analysis. Those trials with high homogeneity as well as adequate ori-
ginal data were incorporated into network meta-analysis. Hazard ratio
(HR) and its 95% confidential interval (95% CI) were used as the effect
size for overall survival (OS) and progression-free survival (PFS). Risk
ratio (RR) and its 95% CI were applied as the effect size for objective
response rate (ORR), hematological and non-hematological adverse
events. If survival data or its confidential interval was not directly
provided, we estimated the values from Kaplan-Meier curves by
methods described elsewhere (Tierney et al., 2007). In terms of adverse
events, the total amount of grade 3 or higher adverse events were used
for calculation, instead of the number of patients suffering grade 3 or
higher adverse events.

As was known to all, the prominent strength of network meta-ana-
lysis was to provide a hierarchical ranking for multiple arms even
without direct comparisons. This key feature reflected on and high-
lighted the two fundamental assumptions of network meta-analysis,
known as transitivity and consistency.

When the head-to-head results of A versus C and B versus C were
respectively gained, then the hypothesis of transitivity also permitted a
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statistical comparison between A and B. However, it required com-
parable general features within each node as the prerequisite condition
to eliminate selection bias and justify statistical connections among
indirect arms. Both methodological designs (such as randomized con-
trolled trials) and clinical features (such as pathological positivity,
previous regimen and performance status) were crucial for assessment
of transitivity. Apart from clinical and methodological heterogeneity,
we also evaluated statistical heterogeneity of the network meta-ana-
lysis, which was known as the overall degree of disparity within the
same pairwise comparison. I2 static was the chief indicator of statistical
heterogeneity, with its value < 25%, 25%–50% and > 50% indicating
low, moderate and high heterogeneity respectively. Besides, Q static of
heterogeneity and its P value also facilitated the assessment of statis-
tical heterogeneity. If the P value of Q static was less than 0.05, it
suggested that there was a significant heterogeneity within.

On the other hand, the consistency, another crucial assumption for
network meta-analysis, referred to the statistically consistent results
between direct and indirect effect sizes regarding the same comparison.
Significant differences between direct and network calculations might
indicate inconsistency within the network meta-analysis while also
suggest the unsuitability for transitivity. Among closed loops of each
network, we utilized a loop-specific method which assessed the mutual
variance between direct and indirect results. Inconsistency factor (IF)
was applied as the quantitative indicator which suggested the existence
of inconsistency once its 95% confidence interval excluded zero.
Meanwhile, Q static of inconsistency was another statistical indicator to
numerically estimate the consistency within the comparisons, whose P
value (< 0.05) could suggest a significant inconsistency between
pairwise and network meta-analysis. Both consistency and homogeneity
were crucial basis to offer reliable outcomes by network meta-analysis.
If inconsistency or significant heterogeneity occurred, we deleted the
original data from the most inconsistent or heterogeneous pairwise
comparisons to examine whether the results remained unchanged,
otherwise it was not appropriate for pooled analysis.

A network plot and comparison-adjusted funnel plot were applied to
display the network structure and examine the publication bias across
the included trials respectively, where the more symmetrical it was, the
less probability of publication bias the merged results would have. We
conducted the random-effects network meta-analysis based on a fre-
quentist model, with either HR or RR as the effect size. A network forest
plot or league table were used for demonstrating the entire regimens
with their relative confidential intervals. In addition, we also utilized P-
score to rank all regimens based on their network estimates. The closer
P-score approached 1, the best regimen it could be. Sensitivity analysis
was performed to detect the stability of pooled outcomes, which in-
cluded deleting studies with estimated hazard ratio from Kaplan-Meier
curves and phase 2 randomized trials. Both pairwise and network meta-
analysis were conducted on R software 3.4.3, assisted by STATA 14.0 in
terms of graphical functions.

2.8. Role of the funding source

The sponsors had no role in study design, data collection, data
analysis, data interpretation, or writing of the report. The corre-
sponding author had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

3. Results

3.1. Baseline characteristics

After screening through 2454 preliminary records, a total of 36
randomized controlled trials were eligibly included into our systematic
review (eFig. 1), corresponding to 8436 participants. Overall, the
median age was around 60 and the sex ratio was male dominant. Japan
(n = 12), South Korea (n = 12) and Germany (n = 5) were the topTa
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three leading countries. 22 studies were characterized by eastern po-
pulation, while 5 and 9 trials featured western and versatile population
respectively. Among 36 eligible trials, 27, 5, 1 and 3 studies reported
second-line only, second and further line, third-line only as well as third
and further line treatment respectively. The majority of trials recruited
unselected patients in terms of pathological specificity (n = 31), while
only a few investigations focused on HER2 (n = 4) and FGFR2 (n = 1)
positive patients respectively. Moreover, patients from 30 studies re-
ceived fluoropyrimidine-based first-line regimens and predominantly,
patients were metastatic measurable cases and had a PS of either 0 or 1.
Meanwhile, the ratio of visceral or peritoneal involvement, primary
locations (dominant proportion of gastric cancer cases) and histological
types were largely comparable across different studies. Therefore, the
demographic characteristics of included trials were generally compar-
able (Table 1). Meanwhile, additional information including key defi-
nitions and evaluation criteria of eligible studies in our systematic re-
view were listed in eTable 1.

3.2. Risk of bias

Overall, the included studies had low risk of bias since more than
half of the assessment parameters were scored as low risk of bias (60%),
while unclear risk (24%) or high risk of bias (16%) took up relatively
small proportions (eFig. 2). None of the eligible studies were in high
risk of bias concerning methodological design (eTable 2).

Specifically, since the majority of trials were centrally allocated and
adequately randomized, 56% and 67% of the studies were evaluated as
low risk of bias concerning random sequence generation and allocation
concealment respectively, while no high risk of bias was reported in
these two key domains. Largely due to open-label design, 69% of the
include trials were scored as high risk of bias in terms of blinding or
participants and personnel. Due to independent response reviewing,
nearly half of the studies were assessed as low risk of bias in terms of
blinding of outcome assessment (47%). In addition, because most of the
studies were analyzed based on the intention-to-treat population as well
as had reported enough endpoints, 89% and 83% of the eligible trials
had low risk of bias in terms of incomplete outcome data and selective
reporting respectively. Moreover, since the majority of studies were
completely performed without early termination and also described
adequate baseline details, half of the studies were appraised as low risk
of bias with respect to other source of bias (50%) (eFig. 2).

3.3. Second-line unselected patients with fluoropyrimidine-based first-line
regimens

3.3.1. Primary endpoint (overall survival)
(Network geometry) There were totally 21 randomized controlled

trials merged into the quantitative analysis, corresponding to 22 net-
work nodes (eFig. 3 and Table 2).
(Network and pairwise calculation) Since paclitaxel plus ramu-

cirumab was the standard second-line regimen, “PRa” was therefore
selected as the common comparator. Based on P-score ranking of the
network meta-analysis, “PO” (network HR 95%CI: 1.00 (0.70–1.28), P-
score = 0.909) was the best ranking node, however which was nearly
identical to common comparator “PRa” (network HR 1.00, P-score =
0.907). The network forest plot and league table were demonstrated in
Figs. 1 and e5 respectively. Since no direct evidences between “PO” and
“PRa” had been reported, this ranking was statistically generated by
network estimation via the pairwise comparisons between “P” versus
“PO” (random HR 95%CI: 1.34 (1.12–1.61)) and “P” versus “PRa”
(random HR 95%CI: 1.34 (1.12–1.59)).
(Consistency and statistical heterogeneity) In addition to the

insignificant value of Q static (Q-inconsistency: P = 0.970), the 95%
confidence interval of IF by loop-specific method also indicated that the
network was in high consistency (IF 95% CI 0.03 (0.00–1.57)), where
the direct and indirect effect sizes in the loop were highly overlapped

(eTable 3). In terms of statistical heterogeneity, both I2 static (I2 = 0%)
and Q static (Q-heterogeneity: P = 0.302) implied that there was no
significant heterogeneity across the network.
(Publication bias) There was no publication bias among the in-

cluded studies due to symmetrical distribution of effect sizes inside the
funnel plot (eFig. 4).
(Sensitivity analysis) Irrespective of removing studies with esti-

mated hazard ratios from Kaplan-Meier curves (Kim et al., 2015; Lee
et al., 2017; Maruta et al., 2007) or phase 2 trials (Bang et al., 2015;
Kim et al., 2015; Lee et al., 2017; Maruta et al., 2007; Nakanishi et al.,
2016; Satoh et al., 2015; Yi et al., 2012), both “PO” and “PRa” closely
ranked as the top two nodes. Particularly, after excluding phase 2 trials,
“PRa” was slightly better than “PO”, becoming the highest-ranking
node in the entire hierarchy (eFigs. 6 and 7).
(Subgroup analysis) Although the entire network was in low het-

erogeneity, we still performed subgroup analyses to enhance the
homogeneity in each subgroup network, which helped to examine the
outcome stability as well as offer more specific clinical information
(eTable 4). There were totally 6 subgroups, including fluoropyrimidine
monotherapy, fluoropyrimidine plus platinum, eastern population,
western population, performance status (0) and performance status (1).
Due to insufficient studies to construct networks, we could not analyze
the subgroup results of fluoropyrimidine monotherapy and western
population in a quantitative way. As a result, “PO” was the top-ranking
node with insignificant slight margin over “PRa” in subgroups of
fluoropyrimidine plus platinum first-line regimen (eFig. 8), eastern
population (eFig. 9) as well as performance status (0) (eFig. 10), while
“PRa” reigned the hierarchy among patients with performance status
(1) (eFig. 11).

3.3.2. Secondary endpoint
(Progression-free survival) Data from 12 studies were included

into the pooled analysis (Table 2). “PRa” became the optimal node in
the entire hierarchy (network HR 1.00, P-score = 0.983) and showed
significant superiority against “PO” which ranked in the second place
(network HR 95%CI: 1.39 (1.10–1.76), P-score = 0.701) (eFig. 12).
Similarly, the network was in low heterogeneity (I2 = 0%, Q-hetero-
geneity: P = 0.626; Unavailable for inconsistency assessment).
(Objective response rate) 13 studies were merged into the hier-

archical comparison (Table 2). “PRa” again ranked in the first place for
achieving objective response rate (network RR 1.00, P-score = 0.925),
displaying insignificant superiority over “PO” (network RR 95%CI: 0.88
(0.54–1.42), P-score = 0.840) (eFig. 13). No significant heterogeneity
and inconsistency were detected (I2 = 0%, Q-heterogeneity: P = 0.873:
Q-inconsistency: P = 0.494).
(Hematological adverse events) 13 studies were included into the

network meta-analysis (Table 2). “Pe” was the most tolerable node in
the ranking (network RR 95%CI: 0.09 (0.03-0.26), P-score = 1.000).
Meanwhile, “PO” ranked in the middle of the hierarchy (network RR
95%CI: 0.80 (0.42–1.54), P-score = 0.434) and was slightly better than
“PRa” (network RR 1.00, P-score = 0.267) (eFig. 14). “IC” versus “I”
was the major cause of significant heterogeneity inside the network
(I2 = 65.64%, P = 0.027). After removing either study responsible for
“IC” versus “I”, including Nishikawa 2015-1 (Nishikawa et al., 2015a)
and (Higuchi et al., 2014), the overall heterogeneity reduced to low
level (I2 = 21.42%) and the relative ranking of nodes remained un-
changed (data not shown).
(Non-hematological adverse events) A total of 13 studies were

included into the network meta-analysis (Table 2). Again, “Pe” was the
most tolerable node concerning non-hematological adverse events
(network RR 95%CI: 0.42 (0.16–1.08), P-score = 0.942). Moreover,
“PO” ranked in the third place (network RR 95%CI: 0.68 (0.32–1.45), P-
score = 0.755) and was also slightly superior than “PRa” (network RR
1.00, P-score = 0.505) (eFig. 15). No significant heterogeneity or in-
consistency were confirmed (I2 = 37.39%, Q-heterogeneity: P = 0.290:
Q-inconsistency: P = 0.082).
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3.4. Second-line HER2 positive patients

A total of 4 trials were eligible, consisting of 732 patients. Each
study only recruited patients with histologial positivity of HER2 based
on pathological reports. In terms of survival efficacies, among patients
with trastuzumab-free first-line regimens, neither capecitabine plus
lapatinib (HR 95%CI: 1.06 (0.34–3.29)) nor paclitaxel plus lapatinib
(HR 95%CI: 0.84 (0.64–1.11)) surpassed their corresponding mono-
therapies lapatinib and paclitaxel respectively (eTable 5). Similarly,
despite of adding trastuzumab into first-line regimens, trastuzumab-
based second-line regimens failed to gain significant survival super-
iority over taxane monotherapy (HR 95%CI: 1.23 (0.75–1.99) and 1.15
(0.87–1.51) respectively) (eTable 5). However, it was noteworthy that
paclitaxel plus lapatinib was significantly better than paclitaxel among
patients with greater HER2 positivity (IHC3+, n = 101, HR 95%CI:
0.59 (0.37-0.93)) (Satoh et al., 2014). In addition, all doublets were
comparable to monotherapies regarding adverse events (eTable 5).

3.5. Refractory unselected patients (previously treated by at least two-lines
of systemic regimens)

(Overall survival) 6 studies were included into the network cal-
culation (Table 3). The pooled results were in low inconsistency how-
ever significant heterogeneity (I2 = 73.02%, Q-heterogeneity:
P = 0.028, Q-inconsistency: P = 0.109). “A8” was the best ranking
node (network HR 95%CI: 0.49 (0.29-0.84), P-score = 0.795) and the
only one that was significantly better than common comparator “B”
(Fig. 2). After removing the source of heterogeneity (Li 2016 (Li et al.,
2016)) from the calculation, the systemic heterogeneity level sig-
nificantly reduced (I2 = 0%) and “A8” remained as the top node with
even more advantage (network HR 95%CI: 0.35 (0.23-0.54), P-
score = 0.965).
(Overall survival for third-line only) 5 randomized controlled

trials were merged into the pooled analysis (Table 3). Again, “A8”
topped the ranking as the best node (network HR 95%CI: 0.70 (0.49-
0.99), P-score = 0.793) without detecting any systemic heterogeneity
(I2 = 0%), which was significantly better than common comparator “B”
(eFig. 16).
(Secondary endpoints) In terms of progression-free survival, “A4”

and “A8” closely ranked as the top two nodes in the hierarchy, both of
which were significantly superior to “B” (eFig. 17). However, regarding
objective response rate, “N” reigned the entire hierarchy by surpassing
both “A4” as well as “A8”, all of which were significantly better than
common comparator “B” (eFig. 18). Moreover, “A8” was the most tol-
erable node and slightly better than “B” concerning hematological ad-
verse events (eFig. 19) however significantly worse than common
comparator in terms of non-hematological adverse events (eFig. 20).

4. Discussion

Due to high failure rate among advanced gastric cancer patients
who receive systemic treatments, salvage second-line or refractory
systemic regimens have become more and more inevitable and thus
drawn significant academic attentions currently. However, all of the
previously published systematic reviews are insufficient to cover this
field properly or convincingly, either due to inadequate literature re-
trieval or heterogeneous and incorrect quantitative approaches
(Table 4). Our systematic review was by far the most comprehensive
summary of systemic therapies for previously treated advanced gastric
cancer, especially by utilizing quantitative network meta-analysis,
which was based on high clinical homogeneity and reliable statistical
methods.

For second-line unselected patients with fluoropyrimidine-based
first-line regimens, “PO” (paclitaxel plus olaparib) and “PRa” (pacli-
taxel plus ramucirumab) dominated the overall survival ranking.
Meanwhile, the sensitivity analyses also verified the general results,Ta
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despite that after removing phase 2 trials, “PRa” topped the hierarchy
with a tiny superiority against “PO”. Among subgroup analyses, “PO”
and “PRa” also closely ranked in the top two spots in subgroups of
fluoropyrimidine plus platinum and performance status (0) while “PO”
slightly enlarged its advantage against “PRa” in eastern population and
“PRa” topped the hierarchy with a slight advantage in performance
status (1) subgroup. As for secondary endpoints, “PRa” led the ranking
by significantly as well as insignificantly surpassing the second-place
“PO” in progression-free survival and objective response rate respec-
tively. Moreover, both “PRa” and “PO” had acceptable and comparable
adverse events with each other. Although there were no direct pairwise
evidences between “PO” and “PRa”, our quantitative analysis was
consistent with current recommendations that “PRa” seemed to be the
best regimen in second-line setting. As for “PO”, although its phase 2
trial displayed significant survival benefits against paclitaxel mono-
therapy (Bang et al., 2015), the phase 3 trial subsequently failed to
provide statistical significance (Bang et al., 2017), which deprived
olaparib of FDA approval for clinical application against advanced
gastric cancer. The slight network superiority of “PO” over “PRa” might
be actually due to the credit of its phase 2 trial results since after the
removal of phase 2 trials, “PRa” reigned the entire hierarchy. Mean-
while, “PRa” was significantly better than “PO” in progression-free
survival, depicting the less competitive role of “PO” in inhibiting dis-
ease progression. Besides, both “PO”-containing studies were based
only on eastern population while the “PRa”-containing trial was con-
ducted within global population that offered more extensive evidences.
Therefore, taken together, paclitaxel plus ramucirumab is still the most
valuable regimen for second-line setting while olaparib-based medica-
tions also have the potential to become vital alternatives against ad-
vanced gastric cancer, especially among eastern population where pa-
clitaxel plus ramucirumab seems less effective (Wilke et al., 2014).
Further studies such as the non-inferiority assessment between “PO”
and “PRa” could be implemented in the future.

For second-line HER2 positive patients, there is currently lacking of
consensus on therapeutic options. Among patients characterized by
standard fluoropyrimidine plus platinum plus trastuzumab as first-line
regimen, taxane plus trastuzumab failed to show survival superiority
over taxane monotherapy in second-line setting. Although Satoh et al

(Satoh et al., 2014) reported that among patients with greater HER2
positivity (IHC3+), paclitaxel plus lapatinib displayed significant sur-
vival superiority against paclitaxel alone, however, since patients from
this study were based on non-trastuzumab first-line regimen (5-FU plus
cisplatin), whether it could meet current needs remained unclear.
Therefore, paclitaxel monotherapy should be recommended as the
preferred second-line regimen among HER2 positive patients who re-
ceive standard first-line treatment until further evidences come out.

Since it is a relatively new field in gastric cancer therapeutics, there
is no specific recommendations on therapeutic options for refractory
patients who fail at least two lines of previous treatments. In our
quantitative analysis, apatinib, especially apatinib 850 mg once,
dominated the hierarchy in overall survival and progression-free sur-
vival, among both general refractory and third-line only population,
demonstrating significant survival superiority as well as comparable
tolerability against placebo. Nivolumab only reigned the ranking of
objective response rate, along with apatinib showing significant ad-
vantage over placebo. However, it was still unable to determine which
one should be recommended as the preferred refractory regimen, since
if we only compared overall survival results in phase 3 trials, the effect
size of nivolumab was more favorable than apatinib in refractory set-
ting while apatinib was the only one that significantly surpassed pla-
cebo in third-line only setting (Table 3). Besides, both nivolumab and
apatinib were investigated only among eastern population and apatinib
had not yet been officially approved by FDA for clinical usage in ad-
vanced gastric cancer. Recently, after we closed the literature retrieval
in August 12th, CheckMate-032 study (Janjigian et al., 2018) reported
the latest results that nivolumab with or without ipilimumab displayed
clinically meaningful antitumor activity, durable responses, encoura-
ging long-term OS, and a manageable safety profile in patients with
chemotherapy-refractory esophagogastric cancer, which was the first
evidence confirming that nivolumab could also be effective in western
population. Therefore, as a result, both apatinib and nivolumab could
be potentially recommended as refractory regimens due to their sig-
nificant superiority against placebo, however their mutual efficacies
still need to be verified in further global investigations.

Although our systematic review was rigorously designed and con-
ducted, there were still some limitations within. Firstly, this network

Fig. 1. Network forest plot of overall survival for second-line unselected patients with fluoropyrimidine-based first-line regimens.
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meta-analysis was not based on individual-patient data (IPD), which
could minimize the heterogeneity inside the quantitative network
compared to study-level synthesis. However, since the network was
verified to be highly consistent, stable and homogenous, conclusions of
our pooled analysis were still credible and applicable. Secondly, al-
though our systematic review included as much eligible literatures as
we could, the amount of included trials still needs to be increased by
future updates, especially for refractory setting, which could enhance
the statistical power and thus the credibility of the final results.

In conclusion, paclitaxel plus ramucirumab is the optimal regimen
for second-line unselected patients with fluoropyrimidine-based first-
line regimens while olaparib-based medications also have the potential
to become vital alternatives against advanced gastric cancer, especially
among eastern population where paclitaxel plus ramucirumab seems
less effective. Paclitaxel monotherapy should be recommended as the
preferred second-line regimen among HER2 positive patients who re-
ceive standard first-line treatment. Both apatinib and nivolumab could
be potentially recommended as refractory regimens due to their sig-
nificant superiority against placebo, however their mutual efficacies
still need to be verified in further global investigations.
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