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Abstract
Background It is unclear which regimen is the most efficacious among the available therapies for advanced gastric
cancer in the second-line setting. We performed a network
meta-analysis to determine their relative benefits.
Methods We conducted a systematic review of randomized controlled trials (RCTs) through the MEDLINE,
Embase, and Cochrane Central Register of Controlled
Trials databases and American Society of Clinical Oncology abstracts up to June 2014 to identify phase III RCTs on
advanced gastric cancer in the second-line setting. Overall
survival (OS) data were the primary outcome of interest.
Hazard ratios (HRs) were extracted from the publications
on the basis of reported values or were extracted from
survival curves by established methods. A Bayesian network meta-analysis was performed with WinBUGS to
compare all regimens simultaneously.
Results Eight RCTs (2439 patients) were identified and
contained extractable data for quantitative analysis. Network meta-analysis showed that paclitaxel plus ramucirumab was superior to single-agent ramucirumab [OS HR
0.51, 95 % credible region (CR) 0.30–0.86], paclitaxel (OS
HR 0.81, 95 % CR 0.68–0.96), docetaxel (OS HR 0.56,
95 % CR 0.33–0.94), and irinotecan (OS HR 0.71, 95 %
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CR 0.52–0.99). Paclitaxel plus ramucirumab also had an
89 % probability of being the best regimen among all these
regimens. Single-agent ramucirumab, paclitaxel, docetaxel,
and irinotecan were comparable to each other with respect
to OS and were superior to best supportive care.
Conclusions This is the first network meta-analysis to
compare all second-line regimens reported in phase III
gastric cancer trials. The results suggest the paclitaxel plus
ramucirumab combination is the most effective therapy and
should be the reference regimen for future comparative
trials.
Keywords Gastric cancer  Network meta-analysis 
Systemic therapy  Second-line therapy

Introduction
Gastric carcinoma is the fifth most common cancer diagnosed worldwide, with nearly a million new cases in 2012
[1]. In North America, most patients present with either
locally advanced or metastatic disease at diagnosis, and
even for patients who have localized disease and who are
treated with curative-intent surgery, the recurrence rate is
unacceptably high [2, 3]. Even with modern neoadjuvant or
adjuvant chemotherapy and/or radiotherapy, more than half
of patients undergoing gastrectomy will experience disease
recurrence [4, 5].
For patients with metastatic or locally advanced unresectable gastric cancer, palliative chemotherapy can offer
palliation of symptoms and can prolong survival. A systematic review of chemotherapy trials in the advanced
setting showed first-line chemotherapy increased survival
compared with best supportive care (BSC), and combination chemotherapy was superior to single-agent regimens
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[6]. However, the duration of disease control is relatively
brief, and progression-free survival or the time to progression from first-line phase III randomized controlled
trials (RCTs) in the past decade has consistently been
between 4 and 7 months [7–11].
Second-line systemic therapy can be considered for
patients whose disease progresses with first-line therapy
and who maintain a relatively good performance status.
Until recently, however, treatment options have been limited. In the early part of this decade, three randomized
phase III trials compared docetaxel or irinotecan against
BSC [12–14]. Although limited by relatively small samples
sizes, each trial revealed a statistically significant and
consistent increase in overall survival by approximately
1.5 months. These results were analyzed in a meta-analysis
in 2013, which showed active treatment provided a 36 %
reduction in the risk of death as compared with BSC [15].
This meta-analysis relied on direct pairwise comparisons,
and even though it demonstrated the efficacy of active
treatment against a control, it was not able to delineate the
relative benefits of each treatment regimen.
Since the publication of that meta-analysis, a number of
additional phase III studies have been completed showing
survival benefit with other agents, expanding the therapeutic options available in the second-line setting [16–20].
Targeted agents included ramucirumab, a monoclonal
antibody directed against vascular endothelial growth factor receptor 2, and everolimus, an inhibitor of the phosphatidylinositol 3-kinase–AKT–mammalian target of
rapamycin pathway [16, 19]. Additional trials compared
multiagent regimens with single agents [17, 20].
There is currently no contemporary meta-analysis that
analyzes the results from all the presently available phase
III trials. The comparator arms of the different studies are
variable, and it is difficult to draw conclusions from crosstrial comparisons. For example, ramucirumab has been
examined in two phase III trials to date, one as
monotherapy against placebo and one in combination with
paclitaxel against paclitaxel alone in similar patient populations. With pairwise comparisons alone, it is not possible
to determine the relative efficacy of ramucirumab alone
versus other active treatments. The lack of clarity in
comparative efficacy renders the selection of optimum
therapy in the second-line setting difficult.
In the absence of direct head-to-head treatment comparisons, network meta-analyses can synthesize the results
of RCTs by analyzing both direct and indirect evidence,
thereby bridging the current gap between the various trials
that do not have the same comparator arm. By constructing
a network containing all available treatments and linking
them via existing comparisons, one can calculate the effect
of each treatment versus all other treatments simultaneously across all linkages. This method allows inclusion of a
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greater amount of evidence than traditional meta-analyses,
which rely on only direct pairwise comparisons, thereby
improving precision of estimation of effect [21, 22]. Owing
to their versatility, network meta-analyses are increasingly
being used to address knowledge gaps in medical sciences,
including the field of oncology. Recently, network metaanalyses have explored adjuvant therapy for resected pancreatic cancer, optimal treatment of advanced colorectal
cancer, and adequacy of surgical margins in ductal carcinoma in situ [23–25].
This purpose of this study was to conduct a network
meta-analysis to create a network of therapeutic regimens
for advanced gastric cancer in the second-line setting, and
to determine their relative efficacy. The results will aid in
the determination of the optimal treatment strategy, and
will help guide future efforts in advancing care in this area.

Materials and methods
Search strategy
The MEDLINE, Embase, and Cochrane Central Register of
Controlled Trials (CENTRAL) databases and American
Society of Clinical Oncology abstracts were searched for
RCTs up to June 2014 that compared systemic therapies
against either other active treatments or BSC. Patients must
have been treated with one or more lines of systemic
therapy for advanced disease. As the chief aim of this study
was to compare regimens in the second-line setting, eligible trials must have included patients who were pretreated
with one prior line of therapy. Studies that included
patients pretreated with one or more lines of therapy were
allowed. Only prospective phase III trials reported in
English were included. No limitations were placed on the
type of first-line therapy; however, studies that focused
solely on patients with gastric cancers overexpressing
human epidermal growth factor 2 were excluded. The trials
must have included patients with cancer of the stomach or
gastroesophageal junction.
Data extraction and analysis
Two reviewers (X.Z. and E.L.) independently examined
publications that met the inclusion criteria. Discrepancies
were resolved either by consensus or through adjudication
by a third reviewer (K.C.). The primary end point of this
study was overall survival, which was expressed as a
hazard ratio (HR). Outcomes were reported as unadjusted
HRs with accompanying 95 % confidence intervals (CIs).
In cases where the HR and CI were not explicitly reported,
they were calculated with use of the reported log-rank
p values and the number of reported events following
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established methods [26]. When HRs could not be extracted on the basis of the results reported in the literature, they
were computed by extraction of survival curve coordinates
with digitizing software (Digitizeit) with a high degree of
accuracy following established methods [27].
Statistical analysis
Estimates of efficacy were calculated first from direct
pairwise comparisons. Mixed treatment comparisons were
generated from inclusion of indirect evidence as part of the
Bayesian network.
The study by Kang et al. [13] warranted additional
considerations, as the active treatment arm received a
mixed treatment comprising docetaxel or irinotecan. To
allow incorporation into the treatment network, docetaxel
versus BSC and irinotecan versus BSC were analyzed
separately.
The Bayesian network meta-analysis was performed
with the Bayesian Markov chain Monte Carlo sampling in
version 1.4.3 of WinBUGS. In WinBUGS, three chains
were fit with 40,000 burn-ins and 40,000 iterations each.
We modeled log(HR) with a normal distribution with a
vague prior of N(0, tau = 0.0001). Noninformative priors
were used because this allowed the trial data to inform the
results, rather than letting strong priors dictate the results.
Effect sizes for the Bayesian network meta-analysis were
described with 95 % credible regions (CRs), since ‘‘credible region’’ is a more appropriate term than ‘‘confidence
interval’’ when one is conducting Bayesian mixed treatment comparisons in which direct evidence and indirect
evidence are combined. The results generated from the
network meta-analysis were compared with the results
from the direct RCTs to ensure consistency.
We calculated the probability of each regimen being the
best treatment by ranking the relative efficacies of all
regimens in each iteration and then calculating the proportion of each regimen being ranked first across all
iterations.
To translate the Bayesian network HRs into more clinically meaningful values, 6-month overall survival rates
were calculated according to the methods outlined by
Altman and Andersen [28, 29]. The 6-month overall survival rate from the placebo arm of the REGARD trial was
used as the reference [16].
The results of these analyses were reported in accordance
with the guidelines outlined by the Quality of Reporting of
Meta-analyses (QUOROM) and the International Society for
Pharmacoeconomics and Outcomes Research (ISPOR). For
the eligible studies included in this review, assessment of
risk bias was conducted by at least two authors using the
Cochrane risk of bias assessment tool.

Results
Literature search results
A PRISMA diagram summarizes the literature search
results and the selection process for the studies included in
the network meta-analysis (Fig. 1). In total, 6942 studies
were retrieved during the literature search, of which 1666
were duplicates and were removed. Of the remaining 5276
abstracts, 5163 were removed for not fulfilling the inclusion criteria. Full texts of the remaining 113 studies were
reviewed, and 105 studies were excluded. Eight RCTs were
obtained for the final quantitative meta-analysis (N = 2439
patients) [12–14, 16–20]. All trials included were randomized and followed intention-to-treat analysis for the
primary end points.
The study characteristics of the publications included in
the meta-analysis are shown in Table 1. The network
analysis diagram is shown in Fig. 2. All trials were randomized with two comparator arms. Five trials compared
cytotoxic chemotherapy or targeted therapy with
BSC/placebo, whereas three trials had active treatments in
both arms.
Risk of bias assessment
Two independent reviewers evaluated the quality of evidence reported in each study using the Cochrane risk of
bias tool. Minimal bias was found among all studies
included. A summary of the risk of bias for each included
study is shown in Fig. 3. Since all the studies included in
the network meta-analysis were randomized, selection and
attrition bias were minimized. However, the method of
randomization and allocation concealment were not
explicitly stated in all studies, which may have potentially
introduced selection bias. Except for the trial of Higuchi
et al. [17], all trials had overall survival as the primary end
point, which is objective and is expected to carry a low risk
of detection bias.
Comparison of regimens
Of the eight trials included, five trials found statistically
significant differences, including for docetaxel versus placebo /BSC (HR 0.67, 95 % CI 0.49–0.92) [14], irinotecan
versus placebo/BSC (HR 0.58, 95 % CI 0.40–0.85; and HR
0.48, 95 % CI 0.25–0.92) [12, 13], ramucirumab versus
placebo/BSC (HR 0.78, 95 % CI 0.60–1.00) [16], and
paclitaxel plus ramucirumab versus paclitaxel (HR 0.81,
95 % CI 0.68–0.96) [20].
Regimen comparisons that did not produce statistically
significant differences included irinotecan plus cisplatin
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Fig. 1 PRISMA flow diagram
showing inclusion and
exclusion of studies. ASCO
American Society of Clinical
Oncology, HER2 human
epidermal growth factor 2

Table 1 Characteristics of eligible trials
Study
Thuss-Patience et al. [12]
Kang et al. [13]
Ford et al. [14]
Hironaka et al. [18]
Ohtsu et al. [19]
Higuchi et al. [17]
Fuchs et al. [16]
Wilke et al. [20]

Patients

Treatment

Median OS (months)

2nd line (%)

EGJ/stomach (%)

p = 0.012

100

100

21

Iri

4.0

19

BSC

2.4

Doc or Iri
BSC

5.3
3.8

p = 0.007

73

100

p = 0.01

NR

80

p = 0.38

100

100

p = 0.12

48

100

p = 0.98

NR

100

p = 0.047

100

100

p = 0.02

100

100

66/60
62
84

Doc

5.2

84

BSC

3.6

108

Pac

9.5

111

Iri

8.4

439

Eve

5.4

217

Pbo

4.3

64

Iri ? Cis

10.7

63

Iri

10.1

238

Ram

5.2

117

Pbo

3.8

330

Pac ? Ram

9.6

335

Pac

7.4

BSC best supportive care, Cis cisplatin, Doc docetaxel, EGJ esophagogastric junction, Eve everolimus, Iri irinotecan,NR not reported, OS overall
survival, Pac paclitaxel, Pbo placebo, Ram ramucirumab
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Fig. 2 Treatment strategy
network. Numbers within circles
represent the total number of
patients receiving each therapy
within the network. Numbers
between circles represent the
number of studies comparing
different regimens. BSC best
supportive care, Cis cisplatin,
Doc docetaxel, Eve everolimus,
Iri irinotecan, Pac paclitaxel,
Pbo placebo, Ram ramucirumab

1

Pac + Ram
(330)

Eve
(439)

Pac
(443)

1

Pbo/BSC
(499)

2

1

Iri
(255)

2
Doc
(150)

1

Ram
(238)

1
Iri + Cis
(64)

Fig. 3 Risk of bias graph for all
studies included

versus irinotecan (HR 1.00, 95 % CI 0.69–1.44) [17],
paclitaxel versus irinotecan (HR 0.89, 95 % CI 0.67–1.16)
[18], docetaxel versus placebo/BSC (HR 0.76, 95 % CI
0.53–1.09) [13], and everolimus versus placebo/BSC (HR
0.90, 95 % CI 0.75–1.08) [19].
Each regimen was simultaneously compared against all
other regimens through the Bayesian network meta-analysis, and efficacy results are reported as HRs with 95 %
CRs. The results are shown in Fig. 4. Paclitaxel plus
ramucirumab was superior to docetaxel (HR 0.56, 95 %
CR 0.33–0.94), irinotecan (HR 0.71, 95 % CR 0.52–0.99),
paclitaxel alone (HR 0.81, 95 % CR 0.68–0.96), and

ramucirumab alone (HR 0.51, 95 % CR 0.30–0.86).
Paclitaxel plus ramucirumab trended toward superiority
compared with irinotecan plus cisplatin (HR 0.71, 95 %
CR 0.44–1.17). The cytotoxic chemotherapy regimens
tested were comparable against one another. All regimens
except everolimus were more efficacious than placebo/
BSC.
The estimated 6-month overall survival rates are shown
in Table 2. The 6-month overall survival rate with placebo
in REGARD, reported as 32 %, was used as the control.
This was chosen as this study is one of the most recently
completed and published trials in the second-line advanced
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Fig. 4 Hazard ratio
comparisons for overall survival
from network meta-analysis
comparisons. Median values are
given with 95 % credible
regions. Hazard ratios are
expressed as experimental
versus control. BSC best
supportive care, Cis cisplatin,
Doc docetaxel, Eve everolimus,
Iri irinotecan, Pac paclitaxel,
Pbo placebo, Ram ramucirumab

Table 2 Estimated 6-month overall survival rate based on hazard
ratios from network meta-analysis

Ramucirumab + Paclitaxel (88.9%)

Regimen

Hazard ratio

6-month OS (%)

Irinotecan + Cisplan (8.5%)

Pbo/BSC

1.00

32

Doc

0.71

45

Docetaxel (1.0%)
Irinotecan (0.9%)

Iri

0.55

53

Paclitaxel (0.5%)

Iri ? Cis

0.55

53

Ramucirumab (0.3%)

Pac

0.49

57

Pac ? Ram

0.40

63

Ram

0.78

41

Eve

0.90

36

BSC best supportive care, Cis cisplatin, Doc docetaxel, Eve everolimus, Iri irinotecan, OS overall survival, Pac paclitaxel, Pbo placebo, Ram ramucirumab

gastric cancer setting, with a large number of patients, and
likely reflective of contemporary treatment practices. In
our model, paclitaxel plus ramucirumab increased the
6-month overall survival rate over BSC from 32 to 63 %,
whereas the single agents ramucirumab, paclitaxel, docetaxel, and irinotecan resulted in a 6-month overall survival
rate of 41–57 %.
The multiple treatment comparison showed that paclitaxel plus ramucirumab had the highest probability of
being the most effective regimen (88.9 %) in terms of
overall survival, and irinotecan plus cisplatin was a distant
second (8.5 %). The next best regimens were docetaxel
(1.0 %), irinotecan (0.9 %), paclitaxel (0.5 %), and ramucirumab (0.3 %). Figure 5 shows the breakdown of
probabilities.
Consistency was assessed by comparison of the HRs of
the pairwise results from direct RCTs with the
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Placebo (0.0%)
Everolimus (0.0%)

Fig. 5 Probability of each treatment being the best for overall
survival

corresponding results from the network meta-analysis. The
results are shown in Table 3. The results of the network
meta-analysis are very similar to those seen in direct
comparisons, suggesting consistency within the model.

Discussion
This network meta-analysis showed that paclitaxel plus
ramucirumab was the regimen with the highest probability
of being the most effective second-line regimen that has
been studied in phase III trials. The RAINBOW trial,
which compared paclitaxel plus ramucirumab versus
paclitaxel alone, showed improvement with the addition of
the targeted agent to the taxane backbone [20]. However, to
date this combination has not been compared directly with
any other established regimens. Through our Bayesian
network meta-analysis, we were able to perform indirect
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Table 3 Results from direct pairwise comparisons and network meta-analysis (NMA) comparisons between regimens
Study

Comparison

HR from direct pairwise
comparisons from RCTsa

HR from NMA comparisonsb

Ford et al. [14]

Doc vs Pbo/BSC

0.67 (0.49–0.92)

0.71 (0.56–0.90)

Fuchs et al. [16]

Ram vs Pbo/BSC

0.78 (0.60–1.00)

0.78 (0.60–1.00)

Higuchi et al. [17]

Iri ? Cis vs Iri

1.00 (0.69–1.44)

1.00 (0.69–1.44)
0.89 (0.67–1.16)

Hironaka et al. [18]

Pac vs Iri

0.89 (0.67–1.16)

Kang et al. [11]

Doc vs Pbo/BSC

0.76 (0.53–1.09)

0.71 (0.56–0.90)

Kang et al. [13]

Iri vs Pbo/BSC

0.58 (0.40–0.85)

0.55 (0.40–0.77)

Ohtsu et al. [19]
Thuss-Patience et al. [12]

Eve vs Pbo/BSC
Iri vs Pbo/BSC

0.90 (0.75–1.08)
0.48 (0.25–0.92)

0.90 (0.75–1.08)
0.55 (0.40–0.77)

Wilke et al. [20]

Pac ? Ram vs Pac

0.81 (0.68–0.96)

0.81 (0.68–0.96)

BSC best supportive care, Cis cisplatin, Doc docetaxel, Eve everolimus, Iri irinotecan, NMA network meta-analysis, Pac paclitaxel, Pbo placebo,
Ram ramucirumab, RCTs randomized controlled trials
a

The 95 % confidence interval is given in parentheses

b

The 95 % credible region is given in parentheses

comparisons that showed paclitaxel plus ramucirumab was
superior in terms of overall survival to single-agent
ramucirumab, and other commonly used second-line regimens such as docetaxel, paclitaxel, and irinotecan. The
combination of paclitaxel and ramucirumab has an 89 %
probability of being the most effective regimen among all
the regimens.
One strength of our network meta-analysis is the ability
to simultaneously analyze data from all published trials,
even in the absence of direct head-to-head comparisons. A
previous meta-analysis included three trials, all investigating active therapy against placebo or BSC, a common
comparator arm [15]. Although active treatment was found
to be superior, no information regarding the relative efficacy of each regimen to the other regimens could be
deduced. This network meta-analysis is the first not only to
incorporate new phase III trial data since the previous
publication but also to directly and indirectly compare all
regimens against one another to show the most effective
treatments.
This network meta-analysis has a number of limitations.
Data were collected and analyzed in aggregate on the basis
of results reported from trials, rather than individual patient
data. Although this meta-analysis focused on treatment in
the second-line setting, not all trials enrolled second-line
patients exclusively. Two trials included some patients
with two prior lines of therapy [13, 19], and three others
included patients with recurrent disease after adjuvant or
neoadjuvant therapy [14, 16, 17]. Almost all of the trials in
this study enrolled patients with stomach and gastroesophageal junction primary tumors, but one trial also
allowed inclusion of tumors of the esophagus [14]. Because
of the lack of availability of individual patient data, it was
not possible to separately extract out subgroups of patients

for analysis. Some of the studies represented in this network meta-analysis were conducted in Asia, whereas others were conducted mostly in Western nations. Variations
in ethnicity of patients across the studies may introduce
further heterogeneity, as differences in patient biology and
regional treatment practices may ultimately have an impact
on patient survival.
We focused on overall survival only and did not analyze
progression-free survival between regimens. This was
partly due to literature limitations, as some studies did not
report progression-free survival for one or both comparator
arms. Analysis of the remaining trials based on existing
data would result in the creation of multiple small noninterconnected network fragments that are neither comprehensive nor informative. We feel the present study,
which compares solely overall survival, remains clinically
highly relevant as there are few treatment options beyond
the second line in gastric cancer, and thus the advantages
seen in overall survival are unlikely to be confounded by
differential exposure to postprogression therapy.
Since work on this network meta-analysis began, two
phase III studies on second-line systemic therapy in
advanced gastric cancer have been published [30, 31] Both
studies were initially published in abstract form at the
Gastrointestinal Cancer Symposium of the American
Society of Clinical Oncology, which was not prospectively
selected as one of sources in our literature search, and as a
result were not included in our network meta-analysis. The
JACCRO GC-05 study by Tanabe et al. [30] compared
irinotecan plus S-1 versus irinotecan alone in patients
pretreated with S-1. No significant difference in survival
was seen between the arms. The TRICS study by Nishikawa et al. [31] compared irinotecan plus cisplatin versus
irinotecan alone, also in patients pretreated with S-1. Once
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again, both arms had comparable survival. The results from
the latter study are in line with those from Higuchi et al.
[17], where a similar comparison of irinotecan and cisplatin
versus irinotecan was made, resulting in no significant
difference between the arms. Given these negative results,
it is unlikely the conclusions generated by our network
meta-analysis would be significantly affected by the
incorporation of these two studies into our model.
This network meta-analysis systemically reviewed currently available evidence for treatment of advanced gastric
cancer in the second-line setting to address the knowledge
gap regarding the optimal therapy for these patients.
Through both direct and indirect comparisons, we
demonstrated that the regimen of paclitaxel plus ramucirumab is likely to be the most efficacious therapy. Given
the need to further improve the outcomes for these patients,
further clinical trials are warranted, and this regimen
should be the reference therapy for these trials.
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