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Abstract

Background

Studies of anti-angiogenic agents (AAs), combined with chemotherapy (chemo) or as mono-
therapy in metastatic oesophago-gastric cancer (mOGC), have reported mixed outcomes.
We undertook systematic review and meta-analysis to determine their overall benefits and
harms.

Methods

Randomized controlled trials in mOGC were sought investigating the addition of AAs to
standard therapy (best supportive care or chemo). The primary endpoint was overall sur-
vival (OS) with secondary endpoints progression-free survival (PFS), overall response rate
(ORR) and toxicity. Estimates of treatment effect from individual trials were combined using
standard techniques. Subgroup analyses were performed by line of therapy, region, age,
performance status, histological type, number of metastatic sites, primary site, mechanism
of action and HERZ status.

Results

Fifteen trials evaluating 3502 patients were included in quantitative analysis. The addition of
AAs was associated with improved OS: HR 0-81 (95% CI 0-75—-0-88, p<0-00001) and
improved PFS: HR 0-68 (95% CI 0-63-0-74, p<0-00001). Subgroup analyses favoured
greater benefit for OS in 2"%/3" line settings (HR 0-74) compared to 15%-line settings (HR
0-91) (X2=6-00, p = 0-01). OS benefit was seen across all regions—Asia (HR 0-83) and rest
of world (HR 0-75)—without significant subgroup interaction. Results from 8 trials evaluating
2602 patients were pooled for toxicity > = Grade 3: with OR 1-39 (95% CI 1-17—1-65).
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Conclusions

The addition of AAs to standard therapy in mOGC improves OS. Improved efficacy was only
observed in 2"%- or 3"-line setting and not in 15%-line setting. Consistent OS benefit was
present across all geographical regions. This benefit is at the expense of increased overall
toxicity.

Introduction

Gastric cancer is the fifth most common malignancy diagnosed worldwide and the 3™ leading
cause of cancer mortality[1]. Median survival of patients with metastatic oesophago-gastric
cancer (mOGC) is less than 12 months with currently available treatment[2]. The survival of
patients with HER-2 positive mOGC is better with a median survival of 16 months[3]. Anti-
angiogenic agents (AAs), both antibodies and tyrosine kinase inhibitors (TKIs), targeting
angiogenic signalling pathways such as VEGF or its receptors, have been tested in the treat-
ment of mOGC. The initial first line phase III trial with bevacizumab [4] failed to show sur-
vival benefit, but recently reported phase III trials with ramucirumab [5] and apatinib [6] have
shown improved overall survival (all three trials showed benefit for progression-free survival).
We undertook this systematic review and meta-analysis to evaluate the overall effect of anti-
angiogenic agents, in combination with chemotherapy and as monotherapy, in the treatment
of metastatic oesophago-gastric cancer (mOGC), with respect to the outcomes of overall sur-
vival, progression-free survival, response rate, toxicity measures and quality of life.

Methods

We sought to identify randomised controlled trials comparing survival in metastatic oeso-
phago-gastric cancer with the use of anti-angiogenic therapy and chemotherapy versus chemo-
therapy alone, or the use of anti-angiogenic therapy as monotherapy with best supportive care.
To be eligible for consideration, trials needed to restrict enrolment to patients with adenocar-
cinoma with primary site located in the stomach or gastro-oseophageal junction. Trials were
included in the meta-analysis provided they reported at least one of overall survival (OS), pro-
gression-free survival (PFS) or overall response rate (ORR), and conducted intention-to-treat
analyses. Where specified, HER2 status of patients enrolled in each trial and subsequent sub-
group analyses were noted, but inclusion or exclusion of these patients were not grounds for
study exclusion.

We searched PUBMED (1946 to current), EMBASE (1974 to 2014), and the Cochrane Cen-
tral Register of Controlled trials on December 7 2014 using the following search terms: “esoph-
ageal neoplasms”, “stomach neoplasms”, “antineoplastic agents”, “chemotherapy”, “vascular
endothelial growth factor”, “VEGF” and specific names of anti-angiogenic agents in clinical
use (S1 Methods). We also manually searched for abstracts from major conferences from
2012-2014. The search was completed on December 14 2014. Records were screened by two
authors (DC, NP) with unclear abstracts clarified by reading of the full-text article. Articles for
which neither the abstract nor full text were available in English were excluded. Authors were

» o«

not contacted for additional information. This review was not centrally registered. The system-
atic review and meta-analysis complied with PRISMA guidelines (52 Methods). A repeat
search was performed on September 6 2016 using the same methodology to identify articles
published after the initial search.
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The primary outcome of interest in this meta-analysis was OS. Secondary outcomes
included PFS, ORR, disease control rate (DCR), toxicity, and quality of life (QoL) data where
available. Trials were assessed for quality according to the Cochrane risk of bias tool [7].

Statistical analysis

Two authors (DC, NP) extracted relevant data for each trial into a piloted spreadsheet with the
hazard ratio (HR) being extracted as the summary measure of effect for OS and PFES, and event
rates for ORR and toxicity. Where multiple subgroups were reported without a summary sta-
tistic, these were combined into a single summary statistic using random effects modeling.

A summary measure of treatment effect for each endpoint was obtained by pooling esti-
mates from individual studies with the fixed-effects model and inverse-variance weighting.
The applicability of the standard fixed-effects model, as well as evidence of heterogeneity of
effect across subgroups, was evaluated using the Q-test and the I” statistic. Funnel plots were
prepared to help identify signs of publication bias. If the hazard ratio was not available in the
published text but Kaplan-Meier curves were, the hazard ratio was derived using the method
outlined by Parmar et al [8]. The random effects model was used for sensitivity analysis if sub-
stantial statistical or clinical heterogeneity was identified. Data were analysed with software
provided by the Cochrane Library (Rev Man 5.3, downloaded March 2015).

All eligible studies reporting hazard ratio for OS, PFS or ORR were included for the primary
analysis, and those considered at high risk of bias were excluded in a secondary sensitivity
analysis. We also included studies in pre-planned subgroup analyses by line of therapy (1* vs
2".3™), geographic region (Asia vs rest of world), Age (<65 vs > = 65), histological subtype
(intestinal, diffuse or other), performance status (0 vs > = 1), number of metastatic sites
(< =2vs >2), primary site (gastric, gastro-oesophageal junction or oesophageal), mechanism
of action (targeting VEGF, targeting VEGFR and/or other receptors, and other) and HER2 sta-
tus (positive or negative).

Results
Study selection

The initial search strategy yielded 503 entries (Fig 1). 51 articles were retrieved in full text, and
consequently 15 studies were identified [4-6,9-20]. (Table 1).

The repeat search identified three full publications for trials previously reported in abstract
form only (INTEGRATE, Qin 2014, Moehler 2013)[6,14,15]. A previously identified study
(PaFLO) reported results in abstract form, which were then incorporated into the meta-analy-
sis[20]. A new study (Enzinger 2016) was identified, but the required information for analysis
could not be extracted from the abstract, leaving the same 15 studies for quantitative analysis
[21].

Risk of bias

Overall risk of bias. The risk of bias for three trials (ref Kang, Yoon, Thuss-Patience) [18-
20]) (21) could not be fully established due to insufficient information as they have only been
published in abstract form to date. Nine trials (Eatock, REGARD, Li 2013, AVAGAST, AVA-
TAR, RAINBOW, INTEGRATE, Qin 2013, Moehler 2013)[4-6,9-11,14-16] were rated at low
risk of bias. Three trials were rated at high risk of bias (Koizumi 2013, Yi 2012 and Jiang 2009)
as they were all open-label studies which employed unblinded assessment of progression as the
primary endpoint[12,13,17]. (S1 Fig)
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488 records 16 additional
identified through records identified
database through other
searching sources

452 records excluded
- 360 not prospective study
- 52 not mOGC

- 30 did not evaluate AAs

- 9 single-arm

504 records

screened - 1 not human

10 full-text articles excluded

- 7 duplicates
52 full-text articles
assessed for N
eligibility - 1 meta-analysis

- 2 single-arm studies

16 studies (42 records) Enzinger 2016 excluded
included in qualitative (insufficient results for
synthesis meta-analysis)

15 studies (41 records)
included in quantitative
synthesis (meta-analysis)

Fig 1. Study flow diagram.
doi:10.1371/journal.pone.0172307.9001

Funnel plots. There was no definite evidence of publication bias based on the shape of the
funnel plot produced using estimates of effect on OS from the 14 studies reporting this statis-
tic. (S2 Fig)

Overall results—AAs improve OS, PFS, ORR and DCR but also
increase rates of toxicity

Thirteen studies were included in the analysis for overall survival (n = 3289). The pooled HR
was 0-81 (95% CI 0-75-0-88, p<0-00001, Fig 2). Eatock 2013 and Jiang 2009 did not report
overall survival in sufficient detail to allow inclusion in the meta-analysis. There was evidence
of moderate heterogeneity (X* = 2273, p = 0-03, I” = 47%); however, a random effects model
yielded a comparable pooled estimate (HR = 0.80, 95% CI 0-71-0-91, p = 0-0005) to that of the
fixed effects model.

Pooled analysis of PFS performed on data from 14 RCTs comprising 3459 patients yielded
a significant HR of 0-68 (95% CI 0-63-0-74, p<0-00001, Fig 3). (Jiang 2009 again did not report
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Table 1. Summary of included studies.

Name Author Line |Experimental arm Control arm Number of patients |OS HR (95% Cl) PFS HR (95% ClI)
AVAGAST[4] | Ohtsu(2011) | 1 CX + bevacizumab CX 774 (387 CX+B, 387 | 0-87 (0-73-1-03) 0-80 (0-68-0-93)
CX)
Eatock 2013 Eatock 1st CX + trebananib 10mg/ | CX 171 (56 10mg/kg, 59 | N/A 0-98 (0-67—-1-43)
[[10] (2013) kg, CX + trebananib 3mg/kg, 56 CX alone)
3mg/kg
Koizumi2013 | Koizumi 1t S1/Cisplatin + orantinib | S1/Cisplatin 91 (45 S1/Cisplatin 0-74 (0-46—-1-19) 1-23 (0-74-2-05)
[13] (2013) + orantinib, 46 S1/
Cisplatin)
AVATAR[16] | Shen (2014) | 1% CX+ Bevacizumab CX 202 (100 CX+B, 102 | 1-11 (0-79-1-56) 0-89 (0-66-1-21)
CX)
STARGATE Kang (2014) | 1 CX+sorafenib CX 195 (97 CX+S, 98 0-93 (0-65-1-31) 0-92 (0-67-1-27)
[19] CX)
Yoon 2014[18] | Yoon (2014) | 1 FOLFOX+ ramucirumab | FOLFOX 168 (84 FOLFOX+R, |1-08 (0-73—1-58) 0-98 (0-69-1-37)
84 FOLFOX)
PaFLO [20] Thuss- 18t 5-Fluorouracil 5-Fluorouracil 78 (515-FU+O +P, |0-80(0-44-1-48) 0-93 (0-56-1-54)
Patience + Oxaliplatin + Oxaliplatin 27 5-FU + 0)
(2015) + Pazopanib
Jiang 2009 [12] | Jiang (2009) | 1% XELOX+ endostatin XELOX 42 (20 XELOX+E, 22 | N/A N/A
XELOX)
RAINBOW[5] | Wilke (2012) | 2" | Paclitaxel+ ramucirumab | Paclitaxel 665 (330 P+R, 335 P) | 0-81 (0-68-0-96) 0-63 (0-54-0-75)
Yi2012[17] Yi (2012) 2" | Docetaxel+ sunitinib Docetaxel 107 (56 D+S, 49 D) 0-94 (0-60-1-49) 0-77 (0-52-1-16)
REGARD[11] | Fuchs 2" | Ramucirumab Placebo 355 (238 Ram, 117 0-78 (0-60—1-00) 0-48 (0-38-0-62)
(2014) Placebo )
AlO Moehler Moehler 2" | FOLFIRI+ Sunitinib FOLFIRI 90 (45 FOLFIRI+S, 45 | 0-82 (0-50-1-34) 1-11 (0-70-1-74)
2013[14] (2013) 3 FOLFIRI)
INTEGRATE Pavlakis 2" | Regorafenib Placebo 147 (97 Reg, 50 0-74 (0-51-1-08) 0-40 (0-28-0-59)
[15] (2015) 3rd Placebo)
Li2013[9] Li (2013) 3rd Apatinib Placebo 144 (48 Apatinib 850, | 425mg bd: 0-41 425mg bd: 0-21
48 Apatinib 425BD, (0-24-0-72). 850mg | (0-11-0-38). 850mg
48 PBO) od: 0-37 (0-22—0-62) | od: 0-18 (0-10-0-34)
Qin 2014 [6] Qin (2014) |3 | Apatinib Placebo 273 (182 apatinib, 91 | 0-71 (0-54—0-94) 0-44 (0-33-0-60)
PBO)

Abbreviations: CX—Cisplatin + capecitabine, B—Bevacizumab, FOLFOX- 5-fluorouracil/folinic acid + oxaliplatin, FOLFIRI—fluorouracil/folinic acid
+ irinotecan, XELOX—capecitabine+oxaliplatin, Ram—ramucirumab, 5-FU + O— 5-Fluorouracil + Oxaliplatin, P—Pazopanib

doi:10.1371/journal.pone.0172307.1001

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fuchs REGARD 2014 -0.2539 0.1285 10.6% 0.78(0.60,1.00] =]
Kang STARGATE 2014 -0.0804 01788 55% 0.92(065,1.31] ——
Koizumi 2013 -0.3013 02425 3.0% 0.74(0.46,1.19] —
Li Apatinib 2013 -0.9357 01906 4.8% 0.39(0.27,057] _—e
Moehler Sunitinib 2013 -0.2041 02546 2.7% 0.82(0.50,1.34) ]
Ohtsu AVAGAST 2011 -0.1426 00878 22.7% 0.87(0.73,1.03 =
Pavlakis INTEGRATE 2015 -0.2982 01914  4.8% 0.74(0.51,1.08) R
Qin Apatinib 2014 -0.3434 0142 87% 0.71(0.54,0.94] T
Shen AVATAR 2014 01045 01736 58% 1.11(0.79,1.56) —t—
Thuss-Patience PaFLO 2015 -0.2145 0.3095 1.8% 0.81(0.44,1.48) —_—1
Wilke RAINBOWY 2012 -0.2137 0.0893 21.9% 0.81(0.68,0.96] =
Yi sunitinib 2012 -0.056 0232 3.2% 0.95(0.60,1.49] =
Yoon ramucirumab 2014 0.0714 0197 4.5% 1.07(0.73,1.58] ——
Total (95% ClI) 100.0% 0.81[0.75, 0.88] L 2
Heterogeneity: Chi*= 22.73, df=12 (P = 0.03), F= 47% 052 055 J, é

Testfor overall effect Z= 5.03 (P < 0.00001) Favours [experimental] Favours [control)

Fig 2. Forest plot—Overall Survival—all trials.

doi:10.1371/journal.pone.0172307.g002
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Eatock trebananib 2013 -0.0214 01934 4.1% 098(0.67,1.43] —
Fuchs REGARD 2014 -0.7281 01276 9.3% 0.48(0.38,062) ==
Kang STARGATE 2014 -0.0807 01631 57% 0.82(0.67,1.27) —4—
Koizumi 2013 02084 02599 2.3% 1.23(0.74,2.05) N
Li Apatinib 2013 -1.6221 02133  33% 020(013,030) ———
Moehler Sunitinib 2013 01013 0.2315 2.8% 1.11[0.70,1.74) —T—
Ohtsu AVAGAST 2011 -0.2291 0.0799 23.8% 0.80(0.68,0.93] -
Pavlakis INTEGRATE 2015 -0.9003 01901  4.2% 0.41(0.28,0.59] —_—
Qin Apatinib 2014 -0.8124 01496  6.8% 0.44(0.33,0.60] —
Shen AVATAR 2014 -01124 01546 6.4% 0.89(0.66,1.21) —3
Thuss-Patience PaFLO 2015 -0.074 0.2581 2.3% 0.93(0.56,1.54) T
Wilke RAINBOWY 2012 -0.4543 0.0864 20.4% 0.63(0.54,0.75] =
Yi sunitinib 2012 -0.2528 0.2047 3.6% 0.78(0.52,1.186) —
Yoon ramucirumab 2014 -0.0281 0175 5.0% 097(0.69,1.37) e
Total (95% CI) 100.0% 0.68 [0.63, 0.74] ¢
Heterogeneity: Chi* = 86.59, df= 13 (P < 0.00001); F= 85% 0?2 0?5 é é

Testfor overall effect Z= 8.74 (P < 0.00001) Favours [experimental] Favours [control]

Fig 3. Forest plot—Progression-free Survival—all trials.
doi:10.1371/journal.pone.0172307.9003

PFS in sufficient detail to include in the meta-analysis). There was statistical evidence of sub-
stantial heterogeneity (X* = 86-59, I = 85%, p<0-00001), however a random effects model
yielded a comparable pooled estimate (HR = 0-69, 95% CI 0-56-0-85, p = 0-0006).

Analysis of 13 RCTs (3086 patients) showed improved response rate with the addition of
AAs with OR of 1-44 (95% CI 1-20-1-71, p<0-0001). The pooled response rate was 27.5%
(476/1730) in the experimental arm and 25.9% (351/1356) in the control arm. There was no
evidence of significant heterogeneity (X* = 16.04, I* = 25%. P = 0-19).

DCR (a composite of confirmed RECIST SD/PR/CR) was also improved with OR of 2-01
(95% CI 1-70-2-37, p<0-00001). The pooled DCR was 64.5% (1116/1730) in the experimental
arm and 56.9% (772/1356) in the control arm. There was evidence of substantial heterogeneity
(X? = 3405, I = 65%, p = 0-0007), however a random effects analysis yielded a comparable
pooled estimate (OR 2-00, 95% CI 1-47-2-73, p<0-0001).

Overall Grade 3-5 toxicity (8 RCTs, 2602 patients) was increased with addition of AAs,
with a statistically significant OR of 1-39 (95% CI 1-17-1-65, p = 0-0002). The pooled toxicity
rate was 70.4% (1013/1438) in the experimental arm and 65.2% (759/1164) in the control arm.
There was evidence of substantial heterogeneity (X* = 29-58, I* = 76%, p<0-0001), and random
effects analysis yielded a comparable pooled estimate but this was no longer statistically signifi-
cant (OR 139, 95% CI 0-94-2-04, p = 0-10, S3 Fig). Therefore, the finding of increased toxicity
with AAs is less statistically certain than the findings of increased efficacy noted above. This
may in part be due to the pooling of toxicity of different agents with different toxicity profiles.

Common adverse events pertinent to anti-angiogenic agents include hypertension, hand-
foot syndrome and thrombosis, depending on the class of agent (mAb vs TKI), and are
described as follows: The majority of studies investigating MAb reported an increase in Grade 3
+ hypertension (for example, 6% vs <1% in AVAGAST and 14% vs 2% in RAINBOW), but no
definite increase in GI perforation (2% vs <1% in AVAGAST, 1% vs 0% in AVATAR, 1% vs
<1% in RAINBOW). The majority of studies investigating TKIs reported an increase in Grade 3
hypertension (10% vs 2% in INTEGRATE, 5% vs 0% in Qin 2014), Grade 3+ hand-foot syn-
drome (9% vs 0% in Qin 2014, 9% vs 0% in Li 2013), and Grade 3+ diarrhoea (11% vs 4% in
Koizumi 2013, 11% vs 2% in Yi 2012). Thrombosis (both venous and arterial) and bleeding were
not significantly increased in the AA arm across all studies, regardless of mechanism of action.

Subgroup analyses

AAs improve OS in second line settings and beyond, but not first line settings. The
effect of AA on OS was greater in the second-line setting than in the first-line setting (X* =
6-00, p = 0-01, Fig 4). The estimated HR was 0-91 (95% CI 0-80-1-03, p = 0-14) in the first-
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 1stline
Kang STARGATE 2014 -0.0804 01788 55% 0.92(065,1.31] —
Koizumi 2013 -0.3013 02425 3.0% 0.74(0.46,1.19] =
Ohtsu AVAGAST 2011 -0.1426 0.0878 22.7% 0.87[0.73,1.03 —
Shen AVATAR 2014 01045 01736 58% 1.11(0.79,1.56) — 1
Thuss-Patience PaFLO 2015 -0.2145 03095 1.8% 0.81(0.44,1.48) "
Yoon ramucirumab 2014 00714 0197 45% 1.07(0.73,1.58)] S . —
Subtotal (95% CI) 43.3% 0.91[0.80, 1.03] R
Heterogeneity: Chi*=3.21, df= 5 (P = 0.67), F=0%
Test for overall effect Z=1.47 (P=0.14)
2.1.2 2nd line
Fuchs REGARD 2014 -0.2539 01285 10.6% 0.78(0.60,1.00 —
Li Apatinib 2013 -0.9357 0.1906 4.8% 0.39(0.27,0.57]
Moehler Sunitinib 2013 -0.2041 02546 2.7% 0.82(0.50,1.34] 1T
Paviakis INTEGRATE 2015 -0.2982 0.1914  4.8% 0.74(0.51,1.08) —
Qin Apatinib 2014 -0.3434 0142 8.7% 0.71(0.54,094] —
Wilke RAINBOWY 2012 -0.2137 0.0893 21.9% 0.81(0.68,0.96] —
Yi sunitinib 2012 -0.056 0.232 3.2% 0.95(0.60,1.49] ——
Subtotal (95% Cl) 56.7% 0.74[0.66, 0.83] L 2
Heterogeneity: Chi* = 13.53, df=6 (P = 0.04); *= 56%
Testfor overall effect: Z= 5.40 (P < 0.00001)
Total (95% Cl) 100.0% 0.81[0.75, 0.88] L 4
Heterogeneity. Chi*= 22.73, df=12 (P = 0.03), F= 47% 05 07 15 %

Testfor overall effect: Z= 5.03 (P < 0.00001)

) N Favours [experimental] Favours [control]
Testfor subgroup differences: Chi*= 6.00, df=1 (P=0.01), F=83.3%

Fig 4. Forest plot—Overall Survival—by line of therapy.
doi:10.1371/journal.pone.0172307.9004

line setting, and 0-74 (95% CI 0-66-0-83, p<0.00001) in the second-line setting. There was
some evidence of heterogeneity overall (X* = 22-73, p = 0-03, I = 47%) and also amongst the
trials performed in the second-line setting (X2 =13-53,p=0-04, ’= 56%), however AA still
provided greater OS benefit in the second-line setting on random effects modelling (HR
0-72, 95% CI 0-60-0-86, p = 0.0003) and the interaction remained significant (X =442,

p = 0-04).

The effect of AA on PFS was greater in the second-line setting than in the first-line setting
(X? = 39.33, Pp<0-00001, S4 Fig). The estimated HR was 0-88 (95% CI 0-79-0-98, p = 0-02) in
the first-line setting, and 0-54 (95% CI 0-48-0-60, p<<0-00001) in the second-line setting. There
was evidence of substantial heterogeneity overall (X* = 8659, p<0-00001, I? = 85%) and
amongst the trials performed in the second-line setting (X* = 43-22, p<0-00001, I* = 86%),
but the above interaction remained significant on random effects modelling (X* = 10-14,

p = 0-001), and PFS benefit in the second-line was preserved (HR 0-51, 95% CI 0-38-0-70,
p<0.0001).

The effect of AA on ORR was greater in the second-line setting than in the first-line setting
(X* = 5-13, p = 0-02). The estimated OR was 1-24 (95% CI 1-00-1-54, p = 0-05) in the first-line
setting, and 1-92 (95% CI 1-41-2-62, p<0-0001) in the second-line setting. There was evidence
of moderate heterogeneity (X* = 9-68, p = 0-14, I’ = 38%) amongst the trials performed in the
second-line setting, but the estimate of ORR benefit remained statistically significant on ran-
dom effects modelling (OR 1-84, 95% CI 1-04-3-25, p = 0-03).

The effect of AA on DCR was greater in the second-line setting than in the first-line setting
(X = 1891, p<0-0001). The estimated OR for response was 1-36 (95% CI 1-07-1-73, p = 0-01)
in the first-line setting, and 2-88 (95% CI 2-27-3-66, p<<0-00001) in the second-line setting.
Heterogeneity was noted overall (X* = 34-05, p = 0-0007, I* = 65%) as well as amongst second-
line trials (X* = 9-72, p = 0-14, I* = 38%), but random effects modelling showed preservation of
DCR benefit in second-line trials (OR 2-90, 95% CI 2-08-4-04, p<0.0001) and a persistent sub-
group interaction statistic (X* = 11-73, p = 0-0006).

The addition of AAs increased Grade 3-5 toxicity more in the second-line setting than in
the first-line setting (X* = 13-28, p = 0-0003): The estimated OR was 0-94 (95% CI 0-72-1-24,

p = 0-67) in the first-line setting, and 1-82 (95% CI 1-45-2-27, p<0-00001) in the second-line
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
8.1.1 With chemotherapy
Kang STARGATE 2014 -0.0804 01788 55% 0.92(065,1.31] .
Koizumi 2013 -0.3013 02425 3.0% 0.74(0.46,1.19) —
Moehler Sunitinib 2013 -0.2041 0.2546 2.7% 082(0.50,1.34) —_—=1T
Ohtsu AVAGAST 2011 -0.1426 00878 22.7% 0.87(0.73,1.03) —
Shen AVATAR 2014 01045 01736 5.8% 1.11(0.79,1.56) =
Thuss-Patience PaFLO 2015 -0.2145 03095 1.8% 0.81(0.44,1.48) —_—
Wilke RAINBOWY 2012 -0.2137 00893 21.9% 0.81(0.68,0.96] -
Yi sunitinib 2012 -0.056 0232 32% 0.95(0.60,1.49) =
Yoon ramucirumab 2014 0.0714 0197 45% 1.07(0.73,1.58) —T—
Subtotal (95% Cl) 71.1% 0.88[0.79, 0.96] <
Heterogeneity: Chi*= 4.60, df= 8 (P = 0.80); F= 0%
Test for overall effect: Z= 2.68 (P = 0.007)
8.1.2 As monotherapy
Fuchs REGARD 2014 -0.2539 01285 10.6% 0.78(0.60,1.00] —
Li Apatinib 2013 -0.9357 01906 4.8% 0.39[0.27,057] —
Pavlakis INTEGRATE 2015 -0.2982 01914  4.8% 0.74(0.51,1.08) 5
Qin Apatinib 2014 -0.3434 0142 87% 0.71(0.54,0.94) —
Subtotal (95% CI) 28.9% 0.67[0.57,0.78] >
Heterogeneity: Chi*= 8.63, df= 3 (P = 0.02); F= 63%
Test for overall effect: Z=5.16 (P < 0.00001)
Total (95% Cl) 100.0% 0.81[0.75, 0.88] L 2
Heterogeneity: Chi*= 22.73, df=12 (P = 0.03); F= 47% 0=2 055

Test for overall effect: Z= 5.03 (P < 0.00001)

) Favours [éyﬁerin'n»ental] Favours [control]
Test for subaroup differences: Chi*= 8.49, df=1 (P = 0.004), F=88.2%

Fig 5. Forest plot—Overall Survival—with chemotherapy vs as monotherapy.
doi:10.1371/journal.pone.0172307.9005

setting. There was evidence of heterogeneity overall (X* = 29-58, p = 0-0001, I? = 76%), as well
as amongst first-line (X2 =311, p=021, I = 36%) and second-line (X* = 13-52, p = 0-009, I’
=70%) trials. Random-effects modelling showed that the incidence of toxicity was still not
increased in first-line trials (OR 0-96, 95% CI 0-66-1-41, p = 0-84), still increased in second-
line trials (OR 1-71, 95% CI 1-08-2-69, p = 0-02), but that the subgroup interaction was no lon-
ger statistically significant (X* = 3-56, p = 0-06). Therefore, there may not be a true differential
impact on toxicity between the use of AAs in first versus second-line settings. (S5 Fig)

AAs improve OS as monotherapy more than in combination with chemotherapy. The
effect of AA on OS was greater when used as monotherapy (against placebo) than in combina-
tion with chemotherapy (against chemotherapy) (X* = 8-49, p = 0-004, Fig 5). The estimated
HR was 0-88 (95% CI 0-79-0-96, p = 0-007) in trials of AAs with chemotherapy, and 0-67 (95%
CI 0-57-0-78, p<0-00001) in trials of AAs as monotherapy. There was evidence of substantial
heterogeneity overall (X* = 22-73, p = 0-03, I = 47%) and amongst monotherapy trials (X* =
9-63, p = 0-02, I” = 69%), but random effects modelling showed persistence of both OS benefit
in monotherapy trials (HR 0-64, 95% CI 0-49-0-85, p = 0.002) and the subgroup interaction
(X* =410, p = 0-04, I* = 75.6%).

The effect of AA on PFS was greater when used as monotherapy than in combination with
chemotherapy (X?* = 57-17, p<0-00001). The estimated HR was 0-81 (95% CI 0-74-0-88,
Pp<0-00001) in combination trials, and 0-40 (95% CI 0-34-0-47, p<0-00001) in the monother-
apy trials. There was evidence of substantial heterogeneity overall (X* = 86-59, p<0-00001,

I? = 85%), in combination trials (X* = 15-82, p=0-07, I? = 43%) and also in monotherapy trials
(X*=13-61, p = 0-003, I> = 78%), but random effects modelling showed that PFS benefit per-
sisted in both groups (combination trials HR 0-86, 95% CI 0-75-0-97, p = 0.02; monotherapy
trials HR 0-37, 95% CI 0-26-0-53, p<0-00001) and the subgroup interaction remained statisti-
cally significant (X* = 19-43, p<0-0001, I* = 94.9%).

The effect of AA on ORR was not significantly different when used as monotherapy com-
pared to use in combination with chemotherapy (X* = 1-31, I* = 23-7%).

The effect of AA on DCR was greater when used as monotherapy than in combination with
chemotherapy (X2 = 1803, p<0-0001). The estimated OR was 1-60 (95% CI 1-32-1-94,
Pp<0-00001) in the combination trials, and 3-80 (95% CI 2-68-5-39, p<0-00001) in monother-
apy trials. Heterogeneity was noted overall (X* = 3405, p = 0-0007, I* = 65%) as well as
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
9.1.1 Asia
Fuchs REGARD 2014 -0.3651 04913 0.9% 0.69(0.26,1.82) -1
Kang STARGATE 2014 -0.0804 01788 7.0% 0.92(0.65,1.31) —
Li Apatinib 2013 -0.9357 01906 6.1% 0.39(0.27,057] —a
Ohtsu AVAGAST 2011 -0.0323 01303 132% 0.97(0.75,1.25) G
Qin Apatinib 2014 -0.3434 0.142 11.1% 0.71[0.54,0.94] —_—
Shen AVATAR 2014 01045 01736 7.4% 1.11(0.79,1.56) —lr—
Wilke RAINBOWY 2012 -0.0142 01554 9.2% 0.99(0.73,1.34) —
Yamaguchi orantinib 2013 -0.3013 02425 3.8% 0.74(0.46,1.19] ——t—
Yi sunitinib 2012 -0.056 0232 4.2% 0.95(0.60,1.49) ——
Subtotal (95% CI) 62.9% 0.83[0.74,0.93] >
Heterogeneity: Chi*= 23.14, df= 8 (P = 0.003); F=65%
Test for overall effect: Z=3.10 (P = 0.002)
9.1.2 Rest of world
Fuchs REGARD 2014 -0.3913 03216 2.2% 0.68(0.36,1.27) —
Moehler Sunitinib 2013 -0.2041 0.2546 3.4% 082(050,1.34) — 1
Ohtsu AVAGAST 2011 -0.2811 01434 10.9% 0.75(0.57,1.00] =
Thuss-Patience PaFLO 2015 -0.2145 03095 2.3% 0.81(0.44,1.48) —
Wilke RAINBOWY 2012 -0.311 01105 18.3% 0.73(0.59,0.91) —
Subtotal (95% CI) 37.1% 0.75[0.64,0.87] >
Heterogeneity: Chi*= 0.31, df= 4 (P = 0.99); F= 0%
Testfor overall effect: Z=3.75 (P = 0.0002)
Total (95% CI) 100.0% 0.80[0.73, 0.88] <
Heterogeneity: Chi*= 24.63, df= 13 (P = 0.03); F= 47% + +

Test for overall effect: Z= 4.74 (P < 0.00001)

2 0.5 2
5 . Favours [experimental] Favours [control)
Testfor subaroup differences: Chi*=1.18, df=1 (P =0.28), F=15.2%

Fig 6. Forest plot—Overall Survival—by region.
doi:10.1371/journal.pone.0172307.9006

amongst the combination trials (X* = 14-96, p = 0-06, I = 47%), but random effects modelling
showed persistence of DCR benefit in combination trials (OR 1-60, 95% CI 1-32-1-94,
p<0-00001) and significant subgroup interaction (X* = 18-03, p<0-0001, I* = 94.5%).

The effect of AA on Grade 3-5 toxicity was not significantly different when used as mono-
therapy compared to use in combination with chemotherapy (X* = 0-07, I* = 0%).

AAs improve OS regardless of geographical region (Asia vs rest of world). Usinga
fixed-effects model, the effect of AA was not significantly different for patients from Asia com-
pared to patients from the rest of the world for the endpoints of OS (X* = 1-18, p = 0-28, Fig 6)
or PFS (X* = 0-28, p = 0-60, S6 Fig).

Comparison of overall response rate by region was not possible given that no trial con-
ducted across regions reported response rate by region and only one trial conducted outside
Asia(15) reported response rates.

Comparison of Grade 3-5 toxicity by region was not possible given that all trials reporting
toxicity by region were from Asia.

AAs improve OS regardless of age. Using a fixed-effects model, the effect of AA was not
significantly different for patients with age<65 compared to those with age>65 for the end-
points of OS (X* = 0-01, p = 0-93, S7 Fig), PFS (X* = 1-48, p = 0-22). No studies reported ORR,
DCR or Grade 3-5 toxicity by age-defined subgroups.

AAs improve OS regardless of performance status. Using a fixed-effects model, the
effect of AA was not significantly different for patients with performance status 0 compared to
those with performance status> = 1 for the endpoints of OS (X> = 0-62, p = 0-43, S8 Fig) and
PFS (X* = 3-53, p = 0-06). No studies reported ORR, DCR or Grade 3-5 toxicity by perfor-
mance status.

AAs improve OS regardless of histological subtype. Using a fixed-effects model, the
effect of AA was not significantly different by histological subtype (intestinal, diffuse or other)
for the endpoints of OS (X* = 1-04, p = 0-60, S9 Fig) and PFS (X* = 0-51, p = 0-77).

AA efficacy was not affected by number of metastatic sites (1-2 vs 3+). Using a fixed
effects model, the effect of AA was not significantly different according to the number of meta-
static sites (1-2 versus 3+) for the endpoints of OS (X* = 0-28, p = 0-60, S10 Fig) or PFS (X* =
091, p = 0-34).

PLOS ONE | DOI:10.1371/journal.pone.0172307 February 21,2017 9/16



@° PLOS | ONE

Meta-analysis of anti-angiogenics in mOGC

AAs targeting VEGER improve PFS more than ones targeting VEGF. There was insuffi-
cient data to analyse studies other than those targeting VEGF and those targeting VEGFR (pos-
sibly in addition to other targets). Using a fixed-effects model, the effect of AA was not
significantly different for the endpoint of OS (X = 3-18, p = 0-07) but did favour trials of
agents targeting VEGFR for the endpoint of PFS (X* = 10-51, p = 0-001, S11 Fig). The estimated
PFS HR was 0-82 (95% CI 0-71-0-94, p = 0-004) for VEGF agents, and 0-72 (95% CI 0-56-0-68,
p<0-00001) for agents targeting VEGFR. There was evidence of substantial heterogeneity over-
all (X* = 83-01, p<0-0001, I* = 86%) and amongst VEGFR trials (X* = 72-05, p<0-0001, I* =
86%). Random effects modelling showed persistence of PFS improvement in VEGFR trials
(HR 0-65, 95% CI 0-49-0-84, p = 0-001) but that the subgroup interaction was no longer statis-
tically significant (X* = 227, p = 0-13, S12 Fig). Therefore, this potential interaction should be
interpreted with caution.

AA efficacy was not affected by the primary site. No studies reported subgroup results
for patients with oesophageal carcinoma, and thus meta-analysis was only performed on
results for gastric and gastro-oesophageal primary sites. Using a fixed-effects model, the effect
of AA on OS was not significantly different by primary site for the endpoints of OS (X* = 0-42,
p =052, S13 Fig) or PES (X* = 3.14, p = 0-08).

The effect of HER2 status on AA efficacy was not able to be determined. None of the
identified trials explicitly excluded patients with HER2 mutations identified on tissue testing,
or reported efficacy results by HER2 status. We were therefore unable to investigate this
question.

Sensitivity analyses

Given the mixed quality of included studies, sensitivity analyses were performed to investigate
the impact of excluding studies considered at high risk of bias: Koizumi 2013, Jiang 2009, and
Yi2012 (S1 Fig). Fixed-effects analysis of OS demonstrated a persistently significant HR of
0-81 (95% CI 0-74-0-88, p<0-00001). Exclusion of studies at high or unclear risk of bias and
fixed-effects analysis resulted in a similar HR of 0-79 (95% CI 0-72-0-86, p<<0-00001). Sensitiv-
ity analyses were performed in the above subgroups and results significantly affected are men-
tioned below. The fixed-effects subgroup analysis by line of therapy for ORR no longer
showed significant interaction favouring second-line use (X* = 2-22, p = 0-14). The fixed-
effects subgroup analysis by region for ORR no longer showed significant interactions (X =
3.27,p = 0-07).

We also explored the impact of antiangiogenic type (monoclonal antibody versus tyrosine
kinase inhibitor) in a sensitivity analysis. When separated by type, both trials of monoclonal
antibodies and trials of tyrosine kinase inhibitors showed preserved, significant benefit in OS
and PFS (data not shown).

Quality of life

Six of the identified trials reported quality of life data (S1 Table) using validated QoL scales
(EORTC QLQ-C30 -global and subscales, EORTC QLQ-STO22, Time to deterioration of
ECOG> = 2). Significant improvement in quality of life was found with apatinib, in improving
insomnia(13) (p = 0-002), ramucirumab in delaying time to deterioration of PS> = 2(10)

(p = 0-002) and improving functional functioning and nausea(5) (HR<0-75), bevacizumab in
slowing deterioration in pain(4) (p = 0-0068), and endostatin in improving global QoL(11)
(p<0-05). Studies reporting no difference in global QoL investigated apatinib(13), ramuciru-
mab(10) and bevacizumab(4). Only one study investigating ramucirumab(5) reported worsen-
ing of diarrhoea (HR>1) in the investigational arm.
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Discussion

In terms of the overarching question—whether the use of AAs improves outcomes in mOGC?
—our review demonstrates that the use of AAs significantly improves overall survival, progres-
sion-free survival, response rate and disease control rate in this disease. The odds of Grade 3-4
toxicity, however, were also significantly increased. Substantial statistical heterogeneity was
present in the analyses for the above endpoints, most likely due to the pooling of studies across
different lines of therapy investigating AAs with different modes of action (apatinib, ramuciru-
mab, bevacizumab, regorafenib, sunitinib, trebananib, sorafenib, orantinib) and hence
different magnitudes of effect. This explanation is strengthened by the observation that hetero-
geneity was less marked when you examine the pooling trials of agents in the same line of ther-
apy and by the significant subgroup differences found comparing first- and second-line trials.

Pre-defined subgroup analyses demonstrated that the most consistent and statistically cer-
tain benefit was found when AAs were used in second-line settings and beyond, and as mono-
therapy. This benefit, if biologically based, has obvious implications for clinical practice. The
superior efficacy of AAs in later line settings might be explained by several factors. Firstly,
exposure to and progression after first-line chemotherapy may select and/or promote an
angiogenic phenotype—that is, tumour biology may be altered by chemotherapy such that
tumours are more sensitive to subsequent targeting of the VEGF pathway. Alternatively,
patients who fare sufficiently well to enter a second-line trial may have tumour characteristics
[22] conferring increased sensitivity to AAs. The use of different agents in first-line versus sec-
ond-line settings may also be partially contributory. First-line trials investigated bevacizumab,
trebananib, ramucirumab, sorafenib and orantinib—a heterogeneous group of agents with
diverse targets—whereas trials for second-line settings and beyond generally investigated
agents directed against VEGF receptor—apatinib, ramucirumab, sunitinib and regorafenib
(although the last of these has other targets as well).

Unfortunately, no studies thus far have identified a predictive biomarker to assist patient
selection for benefit from AAs. In the AVAGAST first-line study with bevacizumab, high
serum VEGF-A and low tissue neuropilin-1 were both shown to be prognostic biomarkers, but
not necessarily predictive ones[23]. Other studies [11,13,14] have explored other biomarkers
(such as VEGFC, VEGFR3, tissue VEGFR2) but these have not been significantly associated
with outcome. Detailed biomarker analyses in the INTEGRATE study are ongoing.

Optimization of AAs may depend on a better molecular understanding of gastric adenocar-
cinoma. Different subtypes of gastric cancer have previously been associated with differential
expression of angiogenesis markers e.g. microsatellite high tumours are associated with low
rates of angiogenesis marker expression and diffuse type gastric cancer associated with amplifi-
cation of the fibroblast growth factor receptor 2 gene (FGFR2)[24]. FGFR2 is known to be a
potent inducer of angiogenesis[25] and FGFR2 inhibitors have demonstrated antitumor poten-
tial in xenograft models[26,27], although a recently reported phase II study failed to show PFS
benefit [28]). Positive HER2 status was not an exclusion criterion in the studies identified, and
given that transtuzumab is efficacious in this population, the above findings are more applica-
ble to the HER2 negative population. However, we note that less than 20% of patients with
mOGC will have overexpression of HER2. Increasing understanding of molecular pathways
and the dependence of each tumour on angiogenesis may identify subgroups of patients with
mOGC who may benefit most from AAs.

The individual analysis of several recent studies of treatment effects by geographic origin
have raised the possibility of differential benefit with use of AAs based on region of origin. The
first study (AVAGAST) demonstrated a strong geographical difference, with similar sugges-
tions of differential effect in REGARD and RAINBOW in both OS and PFS outcomes. The
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INTEGRATE trial recently reported a greater PFS benefit with regorafenib in the Korean sub-
population compared to Australia/New Zealand/Canada, although benefit was observed in
both regions[15]. However, in our meta-analysis, pooling results from all studies, benefit with
the use of AAs was seen in OS and PFS regardless of geographic region. This may partly be due
to selection bias—for example, more patients in Asia in the INTEGRATE study were treated
in the third-line setting, as were patients treated in the apatinib studies. Further research is
required to determine whether a true biological difference exists between gastric cancer in
patients from different regions that may influence the efficacy of AAs.

No significant subgroup interactions were detected in subgroup analyses of the effect of
AAs on overall survival of other known prognostic indicators in mOGC: age, performance sta-
tus or histological subtype. The primary site did not affect AA efficacy, and whilst AAs target-
ing VEGFR showed possibly greater PFS impact compared to those targeting VEGF, this
interaction was not significant on random effects modelling and is only based on the inclusion
of two VEGF trials both investigating bevacizumab. Unfortunately, insufficient data was avail-
able regarding HER?Z status in most studies to permit subgroup analysis.

The review aimed to evaluate the overall effect of AAs in mOGC and to identify possible
subgroups of greatest benefit to steer future research. As such, the review’s strengths lie in the
comprehensive literature search, including hand-searching of relevant conference proceed-
ings, as confirmed by the detection of several studies not found in prior literature searches
(27); and the adherence to strict systematic review principles (via the PRISMA guidelines)
including comprehensive quality assessment provide strong qualitative as well as quantitative
review aspects to this article.

The above findings have several implications for clinical practice. They confirm that AAs
have a place in the clinical management of mOGC to improve patient outcomes. There are
currently insufficient data to support use of AAs in the first-line setting (based on the AVA-
GAST trial), although we note ongoing first-line studies of VEGFR-targeting agents such as
apatinib (NCT02525237) and ramucirumab (NCT02314117). In contrast, there is sufficient
evidence to support the use of AAs in later-line settings; for example, the use of ramucirumab
combined with docetaxel in the second-line setting in patients suitably fit for chemotherapy,
or single-agent ramucirumab if unfit (where available). For chemotherapy-refractory patients,
the use of apatinib would be supported by current evidence. Whilst regorafenib has shown
promise in a phase II trial, phase III data is awaited before determining its place in the clinical
treatment paradigm. As immunotherapy agents are currently under exploration across multi-
ple settings in gastric cancer, the landscape for drug therapy may change further depending on
trial results, but the evidence for the use of AAs will remain. Potential future studies of interest
may include the combination of AAs and immunotherapy.

We note that a meta-analysis on a similar subject was recently published by Qi et al[29]. We
identified seven additional studies and more importantly rigorously evaluated the risk of bias
in seven different domains, enabling accurate assessment of study quality before quantitative
analysis. Our study is the first, to our knowledge, to confirm statistically greater efficacy of
AAs in the refractory setting. This is likely due to the incorporation of positive trials for apati-
nib, regorafenib and ramucirumab with the updated literature search.

There are limitations in our study that should be acknowledged. The most significant limi-
tation is the reliance on data in the public domain (including conference presentations), lead-
ing to the risk of publication bias. However, the funnel plot showed did not show significant
asymmetry, supporting a low likelihood of publication bias. An individual patient data meta-
analysis would increase the ability to detect real differences by subgroups. Some of the data
used in our analyses have only been presented in abstract form thus far, and as full publications
become available, full assessment of both risk of bias and outcomes will become feasible. In
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addition, given that the impact of HER2 status has not been investigated (or at least published
to date) for the identified trials, the above findings may be most relevant in the HER2-negative
population. We chose not to perform subgroup analyses by gastrectomy status, given that the
required subgroup results have not been published in the majority of identified trials.

Future studies could investigate the use of VEGFR2-targeted agents in the first-line setting,
in a similar design to Yoon 2014 [18], reported in abstract form only thus far. Such agents have
been proven in later-line settings and if they were equally efficacious in the first-line setting it
may explain the apparent difference in efficacy noted above because of the different classes of
AAs being investigated, rather than differences between tumour biology in different lines.

In summary, our review has identified that the addition of AAs to standard therapy
improves outcomes in mOGC and that this benefit appears to be most certain with modern
AAs (with Phase III data for ramucirumab and apatinib) when used as monotherapy in the
chemo-refractory setting. Individual studies evaluating VEGFR2 targeting agents have shown
greatest benefit.

Our findings support ongoing research into the use of AAs in mOGC, particularly in identi-
fying predictive biomarkers that may define their optimal place in the treatment paradigm of
mOGC to maximise patient benefit from these agents.

Supporting information

S1 Fig. Risk of bias summary.
(TIF)

S2 Fig. Funnel plot—Overall Survival—all trials.
(TIF)

S3 Fig. Forest plot—Overall Grade 3—S5 toxicity—all trials—random-effects modelling.
(TIF)

S4 Fig. Forest plot—Progression-free Survival—by line of therapy.
(TIF)

S5 Fig. Forest plot—Overall Grade 3—5 toxicity—by line of therapy—random-effects
modelling.
(TTF)

S6 Fig. Forest plot—Progression-free Survival—by region.
(TIF)

S7 Fig. Forest plot—Overall Survival—by age.
(TIF)

S8 Fig. Forest plot—Overall Survival—by performance status (0 versus > = 1).
(TTF)

S9 Fig. Forest plot—Overall Survival—by histological subtype.
(TIF)

S10 Fig. Forest plot—Overall Survival—by number of metastatic sites (1—2 versus 3+).
(TIF)

S11 Fig. Forest plot—PFS—by mechanism of action.
(TIF)

PLOS ONE | DOI:10.1371/journal.pone.0172307 February 21,2017 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s011

@° PLOS | ONE

Meta-analysis of anti-angiogenics in mOGC

S12 Fig. Forest plot—PFS—by mechanism of action—random effects modelling.
(TIF)

S$13 Fig. Forest plot—Overall Survival—by location of primary.
(TIF)

S1 Methods. Search strategy for electronic databases.
(DOCX)

S$2 Methods. PRISMA guidelines.
(DOC)

S1 Table. Quality of life data.
(DOCX)

Author Contributions

Conceptualization: DLC NP.

Data curation: DLC.

Formal analysis: DLC KMS DG TJP AJM YJB YKK NP.
Investigation: DLC NP.

Methodology: DLC AJM NP.

Project administration: DLC.

Supervision: NP.

Validation: KMS.

Visualization: DLC NP.

Writing - original draft: DLC NP.

Writing - review & editing: DLC KMS DG TJP AJM YJB YKK NP.

References

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortal-
ity worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer. 2015; 136:
E359-386. doi: 10.1002/ijc.29210 PMID: 25220842

2. Wagner AD, Unverzagt S, Grothe W, Kleber G, Grothey A, Haerting J, et al. Chemotherapy for
advanced gastric cancer. Cochrane Database Syst Rev. 2010; CD004064. doi: 10.1002/14651858.
CD004064.pub3 PMID: 20238327

3. BangY-J, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, et al. Trastuzumab in combi-
nation with chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced gastric
or gastro-oesophageal junction cancer (TOGA): a phase 3, open-label, randomised controlled trial. Lan-
cet Lond Engl. 2010; 376: 687—-697.

4. Ohtsu A, Shah MA, Van Cutsem E, Rha SY, Sawaki A, Park SR, et al. Bevacizumab in combination
with chemotherapy as first-line therapy in advanced gastric cancer: a randomized, double-blind, pla-
cebo-controlled phase Il study. J Clin Oncol Off J Am Soc Clin Oncol. 2011; 29: 3968-3976.

5. Wilke H, Muro K, Van Cutsem E, Oh S-C, Bodoky G, Shimada Y, et al. Ramucirumab plus paclitaxel
versus placebo plus paclitaxel in patients with previously treated advanced gastric or gastro-oesopha-
geal junction adenocarcinoma (RAINBOW): a double-blind, randomised phase 3 trial. Lancet Oncol.
2014; 15: 1224—1235. doi: 10.1016/S1470-2045(14)70420-6 PMID: 25240821

6. LiJ,QinS, XuJ, XiongdJ, Wu C, Bai Y, et al. Randomized, Double-Blind, Placebo-Controlled Phase Il
Trial of Apatinib in Patients With Chemotherapy-Refractory Advanced or Metastatic Adenocarcinoma of

PLOS ONE | DOI:10.1371/journal.pone.0172307 February 21,2017 14/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s012
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s013
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s014
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s015
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172307.s016
http://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
http://dx.doi.org/10.1002/14651858.CD004064.pub3
http://dx.doi.org/10.1002/14651858.CD004064.pub3
http://www.ncbi.nlm.nih.gov/pubmed/20238327
http://dx.doi.org/10.1016/S1470-2045(14)70420-6
http://www.ncbi.nlm.nih.gov/pubmed/25240821

@° PLOS | ONE

Meta-analysis of anti-angiogenics in mOGC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

the Stomach or Gastroesophageal Junction. J Clin Oncol. 2016; 34: 1448—-1454. doi: 10.1200/JCO.
2015.63.5995 PMID: 26884585

Higgins J, Altman D, Sterne J, editors. Chapter 8: Assessing risk of bias in included studies. Cochrane
Handbook for Sytsematic Reviews of Interventions Version 510. The Cochrane Collaboration; 2011.

Parmar MK, Torri V, Stewart L. Extracting summary statistics to perform meta-analyses of the published
literature for survival endpoints. Stat Med. 1998; 17: 2815-2834. PMID: 9921604

LiJ, Qin S, Xu J, Guo W, Xiong J, Bai Y, et al. Apatinib for chemotherapy-refractory advanced meta-
static gastric cancer: results from a randomized, placebo-controlled, parallel-arm, phase |l trial. J Clin
Oncol Off J Am Soc Clin Oncol. 2013; 31: 3219-3225.

Eatock MM, Tebbutt NC, Bampton CL, Strickland AH, Valladares-Ayerbes M, Swieboda-Sadlej A, et al.
Phase Il randomized, double-blind, placebo-controlled study of AMG 386 (trebananib) in combination
with cisplatin and capecitabine in patients with metastatic gastro-oesophageal cancer. Ann Oncol.
2013; 24: 710-718. doi: 10.1093/annonc/mds502 PMID: 23108953

Fuchs CS, Tomasek J, Yong CJ, Dumitru F, Passalacqua R, Goswami C, et al. Ramucirumab mono-
therapy for previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma
(REGARD): an international, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet Lond
Engl. 2014; 383: 31-39.

Jiang F, Wang G, Sun Y, YaoY, Ji C, Hu B. Clinical observation on recombinant human vascular endo-
statin combined with XELOX regimen in the treatment of advanced stomach carcinoma. Tumor. 29:
790-792.

Koizumi W, Yamaguchi K, Hosaka H, Takinishi Y, Nakayama N, Hara T, et al. Randomised phase Il
study of S-1/cisplatin plus TSU-68 vs S-1/cisplatin in patients with advanced gastric cancer. Br J Can-
cer. 2013; 109: 2079-2086. doi: 10.1038/bjc.2013.555 PMID: 24045669

Moehler M, Gepfner-Tuma |, Maderer A, Thuss-Patience PC, Ruessel J, Hegewisch-Becker S, et al.
Sunitinib added to FOLFIRI versus FOLFIRI in patients with chemorefractory advanced adenocarci-
noma of the stomach or lower esophagus: a randomized, placebo-controlled phase Il AlO trial with
serum biomarker program. BMC Cancer. 2016; 16: 699. doi: 10.1186/s12885-016-2736-9 PMID:
27582078

Pavlakis N, Sjoquist KM, Martin AJ, Tsobanis E, Yip S, Kang Y-K, et al. Regorafenib for the Treatment
of Advanced Gastric Cancer (INTEGRATE): A Multinational Placebo-Controlled Phase Il Trial. J Clin
Oncol. 2016; 34: 2728-2735. doi: 10.1200/JC0O.2015.65.1901 PMID: 27325864

ShenL, LiJ, XuJ, Pan H, Dai G, Qin S, et al. Bevacizumab plus capecitabine and cisplatin in Chinese
patients with inoperable locally advanced or metastatic gastric or gastroesophageal junction cancer:
randomized, double-blind, phase Ill study (AVATAR study). Gastric Cancer Off J Int Gastric Cancer
Assoc Jpn Gastric Cancer Assoc. 2015; 18: 168—176.

YiJH, Lee J, Lee J, Park SH, Park JO, Yim D-S, et al. Randomised phase |l trial of docetaxel and suniti-
nib in patients with metastatic gastric cancer who were previously treated with fluoropyrimidine and plat-
inum. Br J Cancer. 2012; 106: 1469—1474. doi: 10.1038/bjc.2012.100 PMID: 22460270

Yoon HH, Bendell JC, Braiteh FS, Firdaus |, Philip PA, Cohn AL, et al. Ramucirumab (RAM) plus FOL-
FOX as front-line therapy (Rx) for advanced gastric or esophageal adenocarcinoma (GE-AC): Random-
ized, double-blind, multicenter phase 2 trial. J Clin Oncol. 2014; 32:5s. Available: http://meetinglibrary.
asco.org/content/128131-144

Kang Y, Lee KH, Shen L, Yeh K, Hong YS, Park YI, et al. Randomized Phase li Study of Capecitabine
and Cisplatin with or Without Sorafenib in Patients with Metastatic Gastric Cancer: Stargate Study. Ann
Oncol. 2014; 25: iv210-iv210.

Thuss-Patience PC, Al-Batran S-E, Siveke JT, Homann N, Malfertheiner P, Glaeser D, et al. Pazopanib
and 5-FU/oxaliplatin as first-line treatment in advanced gastric cancer: PaFLO, a randomized phase ||
study from the AlO (Arbeitsgemeinschaft Internistische Onkologie). J Clin Oncol. 2015; 33. Available:
http://meetinglibrary.asco.org/content/145648-156

Enzinger PC, McCleary NJ, Zheng H, Abrams TA, Yurgelun MB, Azzoli CG, et al. Multicenter double-
blind randomized phase II: FOLFOX + ziv-aflibercept/placebo for patients (pts) with chemo-naive meta-
static esophagogastric adenocarcinoma (MEGA). J Clin Oncol. 2016; 34. Available: http://
meetinglibrary.asco.org/content/159576-173

Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011; 144: 646—674. doi: 10.
1016/j.cell.2011.02.013 PMID: 21376230

Van Cutsem E, de Haas S, Kang Y-K, Ohtsu A, Tebbutt NC, Ming Xu J, et al. Bevacizumab in combina-
tion with chemotherapy as first-line therapy in advanced gastric cancer: a biomarker evaluation from the
AVAGAST randomized phase lll trial. J Clin Oncol Off J Am Soc Clin Oncol. 2012; 30: 2119-2127.

PLOS ONE | DOI:10.1371/journal.pone.0172307 February 21,2017 15/16


http://dx.doi.org/10.1200/JCO.2015.63.5995
http://dx.doi.org/10.1200/JCO.2015.63.5995
http://www.ncbi.nlm.nih.gov/pubmed/26884585
http://www.ncbi.nlm.nih.gov/pubmed/9921604
http://dx.doi.org/10.1093/annonc/mds502
http://www.ncbi.nlm.nih.gov/pubmed/23108953
http://dx.doi.org/10.1038/bjc.2013.555
http://www.ncbi.nlm.nih.gov/pubmed/24045669
http://dx.doi.org/10.1186/s12885-016-2736-9
http://www.ncbi.nlm.nih.gov/pubmed/27582078
http://dx.doi.org/10.1200/JCO.2015.65.1901
http://www.ncbi.nlm.nih.gov/pubmed/27325864
http://dx.doi.org/10.1038/bjc.2012.100
http://www.ncbi.nlm.nih.gov/pubmed/22460270
http://meetinglibrary.asco.org/content/128131-144
http://meetinglibrary.asco.org/content/128131-144
http://meetinglibrary.asco.org/content/145648-156
http://meetinglibrary.asco.org/content/159576-173
http://meetinglibrary.asco.org/content/159576-173
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230

@° PLOS | ONE

Meta-analysis of anti-angiogenics in mOGC

24,

25.

26.

27.

28.

29.

Miyamoto N, Yamamoto H, Taniguchi H, Miyamoto C, Oki M, Adachi Y, et al. Differential expression of
angiogenesis-related genes in human gastric cancers with and those without high-frequency microsat-
ellite instability. Cancer Lett. 2007; 254: 42-53. doi: 10.1016/j.canlet.2007.02.004 PMID: 17374440

Katoh M. Cancer genomics and genetics of FGFR2 (Review). Int J Oncol. 2008; 33: 233-237. PMID:
18636142

Takeda M, Arao T, Yokote H, Komatsu T, Yanagihara K, Sasaki H, et al. AZD2171 shows potent antitu-
mor activity against gastric cancer over-expressing fibroblast growth factor receptor 2/keratinocyte
growth factor receptor. Clin Cancer Res Off J Am Assoc Cancer Res. 2007; 13: 3051-3057.

Zhao W, Wang L, Park H, Chhim S, Tanphanich M, Yashiro M, et al. Monoclonal antibodies to fibroblast
growth factor receptor 2 effectively inhibit growth of gastric tumor xenografts. Clin Cancer Res Off J Am
Assoc Cancer Res. 2010; 16: 5750-5758.

Bang Y-J, Cutsem EV, Mansoor W, Petty RD, Chao Y, Cunningham D, et al. A randomized, open-label
phase Il study of AZD4547 (AZD) versus Paclitaxel (P) in previously treated patients with advanced
gastric cancer (AGC) with Fibroblast Growth Factor Receptor 2 (FGFR2) polysomy or gene amplifica-
tion (amp): SHINE study. J Clin Oncol. 2015; 33. Available: http:/meetinglibrary.asco.org/content/
147853-156

Qi W-X, Shen Z, Tang L-N, Yao Y. The role of anti-VEGF agents in the treatment of advanced gastric
cancer: a meta-analysis of randomized controlled trials. Tumour Biol J Int Soc Oncodevelopmental Biol
Med. 2014; 35: 7675-7683.

PLOS ONE | DOI:10.1371/journal.pone.0172307 February 21,2017 16/16


http://dx.doi.org/10.1016/j.canlet.2007.02.004
http://www.ncbi.nlm.nih.gov/pubmed/17374440
http://www.ncbi.nlm.nih.gov/pubmed/18636142
http://meetinglibrary.asco.org/content/147853-156
http://meetinglibrary.asco.org/content/147853-156

