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Abstract Despite recent diagnostic and therapeutic advances,
the survival of patients with gastric cancer is still poor. The
majority of patients are diagnosed with advanced disease and
chemotherapy represents the only possible therapeutic ap-
proach. However, chemotherapy seems to have reached an
efficacy plateau in this setting. Gastric cancer is a complex
and heterogeneous disease because it emerges from multiple
interactions of genetic, environmental and host factors. A bet-
ter understanding of its molecular characteristics may lead to
an improvement of outcomes. The recent molecular classifi-
cation by The Cancer Genome Atlas project divides gastric
cancer into four subtypes that could be taken into consider-
ation in future clinical trials with targeted agents. So far
trastuzumab, a monoclonal antibody addressing the HER2
receptor, is the only targeted agent approved in the first-line
setting, but only in patients overexpressing HER2. Negative
data have been obtained in first-line therapy when
antiangiogenics, anti-EGFR or anti-MET monoclonal anti-
bodies have been studied in randomised controlled trials.
Ramucirumab, a monoclonal antibody binding to VEGFR2,
is the only antiangiogenic agent currently recommended in
patients progressing after first-line treatment. In this review,

we discuss whether personalised therapy may have a role in
gastric cancer.
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Introduction

Gastric cancer (GC) is a global health issue and the third
leading cause of cancer death worldwide [1]. Over one million
new cases of GC are diagnosed each year and more than 70 %
occur in developing countries, especially in East Asia [2]. Its
high mortality is associated with both the absence of signifi-
cant symptoms in the early stages and the lack of validated
screening programmes in western countries. Consequently,
most cases are diagnosed at an advanced stage, which is relat-
ed to a poor prognosis [3, 4]. GC is a complex, heterogeneous
and multifactorial disease. Chemotherapy (CT) remains the
main treatment for advanced disease and median overall sur-
vival (OS) is around 12months [5]. There is an urgent need for
new treatments and strategies to improve outcomes. However,
although multiple targeted agents are under investigation, so
far, only trastuzumab and ramucirumab have demon-
strated efficacy in advanced GC and have a regulatory
approval [6••, 7••].

The Age of Chemotherapy

Prognosis of GC is mainly related to the stage of the disease at
diagnosis. Radical surgery remains the only curative treatment
for patients diagnosed with localised disease. Despite this, the
expected 5-year survival rate is around 30 % in western

This article is part of the Topical Collection on Translational Oncology

Noelia Tarazona and Valentina Gambardella contributed equally to this
work.

* Andrés Cervantes
andres.cervantes@uv.es

1 Department of Medical Oncology, Biomedical Research Institute
INCLIVA, University of Valencia, Valencia, Spain

2 Rio Hortega Contract CM15/00246, Valencia, Spain
3 ESMO Translational Research Fellow, Valencia, Spain

Curr Oncol Rep (2016) 18: 41
DOI 10.1007/s11912-016-0525-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s11912-016-0525-x&domain=pdf


countries. [8] GC is mostly diagnosed in locally advanced or
metastatic stage, causing a reduction of survival [5]. Up to
now, CTalone has been the cornerstone of palliative treatment
for advanced disease.

A meta-analysis of clinical studies that assessed CT in this
setting demonstrated a significant benefit in OS for the group
that received CT versus best supportive care only (BSC) (HR
0.37, 95 % CI 0.24–0.55) [9]. Combination with platinum
derivatives plus fluoropyrimidines remains the standard of
care for first-line regimens. However, there are some drugs
that have currently been added because of superiority de-
signed studies, such as docetaxel, or because they appear to
be non-inferior in randomised studies, i.e. capecitabine, S-1,
oxaliplatin and irinotecan. Some phase III trials showed that
two oral fluoropyrimidines such as capecitabine and S-1 can
replace infusional 5-FU in the first-line setting [10–12]. S-1
plus oxaliplatin (SOX) is esteemed as the standard first-line
CT in Japan. A phase III study suggested that SOX was non-
inferior to cisplatin plus S-1 (CS) in terms of survival.
However, SOX provided a substantial advantage in safety
over CS [13]. The 5-FU, leucovorin, and oxaliplatin regimen
appeared to reduce the toxicity profile and may be an alterna-
tive to cisplatin regimen for the treatment of advanced GC
[14]. Furthermore, the combination of epirubicin, oxaliplatin,
and capecitabine (EOX) has been found to be as effective as
the epirubicin/cisplatin/5-FU (ECF) regimen [15, 16]. Three
randomised clinical trials, one with docetaxel versus BSC
[17], another with irinotecan versus BSC and a third one with
paclitaxel versus irinotecan versus BSC [18] demonstrated
that second-line treatment did prolong survival in advanced
GC patients with good performance status [19].

However, CT has reached a plateau of efficacy for GC with
a median OS of around 12 months. Therefore, in an effort to
enhance its activity, the combination of cytotoxic therapy with
biological agents is a challenge that requires extensive research.

From Microscopic to Molecular Classification

Lauren classified gastric adenocarcinoma into two main sub-
groups, intestinal and diffused, according to different micro-
scopic features [20]. Nowadays, the recommended WHO
pathological classification for GC considers several subtypes,
according to morphological features based on optical micros-
copy, identifying tubular, papillary, mucinous and poorly co-
hesive (including signet ring cell carcinoma), plus uncommon
histologic variants [21]. However, this approach although
commonly used in pathology reports does not have any pre-
dictive value when deciding management of localised or ad-
vanced GC patients. The development of taxonomic studies
paying attention to molecular abnormalities observed in ex-
tended international series of GC patients is of paramount
importance. Initial observations identified 22 recurrent

genomic alterations in GC. Among them, already known
deregulated pattern, such as ERBB2 and FGFR2, were
recognised, as well as never described amplification in
KLF5 and GATA6. According to this analysis, FGFR2,
KRAS, ERBB2, EGFR and MET were observed to be fre-
quently amplified in a mutually exclusive manner [22••].
Another critical contribution led to the comprehensive geno-
mic analysis of GC developed by The Cancer Genome Atlas
Research Network (TGCA) [23••]. This international cooper-
ation identified an extensive panel of molecular abnormalities
focusing on gene mutations, somatic copy number alterations,
structural variants, epigenetic and transcriptional changes in-
volving mRNAs and noncoding RNAs, as well as proteomic
changes. The main aim of this collaborative effort was to
define a robust molecular classification, recognising that GC
is a very heterogeneous disease. The observed alterations have
been matched with specific GC subtypes, permitting the iden-
tification of four major subgroups: EBV-infected, MSI tu-
mours, genomically stable and chromosomally unstable tu-
mours (CIN). The first group was significantly enriched for
high EBV burden and showed extensive DNA promoter
hypermethylation. The second group was enriched for MSI
and characterised by elevated mutation rates and hypermethy-
lation, including hypermethylation at the MLH1 promoter.
Differences between them consisted of their specific spectra
of mutations and gene expression. All EBV-positive tumours
assayed displayed CDKN2A promoter hypermethylation but
lacked the MLH1 hypermethylation characteristic of MSI-
associated CIMP. The third group, defined by the lack of mo-
lecular alterations and named as genomically stable, correlates
very well with the Lauren diffuse subtype. The fourth group
included chromosomally unstable tumours and could be
recognised by the presence of extensive somatic copy-
number aberrations. Although this important molecular clas-
sification is so far lacking predictive utility, some cases with
emerging genomic targets and potential therapeutic interest,
such as PIK3CA, are found specifically in some groups. A
strong presence of PIK3CA mutation was observed in the
EBV group followed by the MSI group, but not in genomically
stable or in the chromosomally stable groups. Furthermore,
EBV-positive tumours had frequent ARID1A (55 %) and
BCOR (23 %) mutations and only rare TP53 mutations while
in hypermutated tumours, several mutated genes, including
TP53, KRAS, ARID1A, PIK3CA, ERBB3, PTEN and HLA-
B were identified. Among non-hypermutated tumours, several
mutated genes were observed such as TP53, ARID1A, KRAS,
PIK3CA and RNF43, but also genes involved in the b-catenin
and TGF-b pathway. CDH1 somatic mutations were enriched
in the genomically stable or diffuse subtype.

In particular, to try to identify genomic alteration in known
signalling pathways, the analysis was focused on known can-
didate therapeutic pathways such as receptor tyrosine kinases
(RTKs) and RAS and PI3-kinase signalling. According to
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these criteria, EBV-positive tumours emerged to express
PIK3CA mutations and recurrent JAK2 and ERBB2 amplifi-
cations. Mutations in PIK3CA, ERBB3, ERBB2 and EGFR,
with many mutations at ‘hotspot’ sites were underlined also in
MSI tumours. In CIN tumours, genomic amplifications of
RTKs, many of which are amenable to blockade by therapeu-
tics in current use or in development, were detected. Recurrent
amplification of the gene encoding ligand VEGFAwas nota-
ble given the gastric cancer activity of the vascular endothelial
growth factor receptor 2 (VEGFR2) targeting antibody. The
strength of IL-12-mediated signalling signatures in EBV-
positive tumours suggests a robust immune cell presence.
When coupled with evidence of PD-L1/2 overexpression, this
finding adds rationale for testing immune checkpoint inhibi-
tors in EBV-positive gastric cancer (Fig. 1).

In a further step, The Asian Cancer Research Group
(ACRG) performed a similar analysis in more than 200
GCs, to derive a new classification model aiming at the de-
scription of molecular subtypes linked to different prognosis
[24••]. Two different GC groups, microsatellite instable (MSI)
and microsatellite stable (MSS) tumours, were firstly identi-
fied. The MSS group was further divided into two subtypes:
MSS/EMT (with epithelial-mesenchymal transition features),
defined by a lower number of mutations, and the MSS/epithe-
lial. This last group was also divided into TP53 mutant and
TP53 wild type. TP53 non mutant tumours had a high preva-
lence of APC, ARID1A, KRAS, PIK3CA and SMAD4

mutations. When these molecular features were correlated
with clinical characteristics, it was observed that MSS/EMT
tumours occurred at younger age and correlates with Lauren
diffused type. On the other hand, the MSI subtype was fre-
quently located in the antrum, more than half of the patients
had an intestinal histology and early stage predominated at
diagnosis (I/II). EBV infection was mainly seen in the MSS/
TP53 mutant group. When a survival analysis was performed,
there were substantial differences among the four groups. In
particular, MSI subtype had the best prognosis, followed by
MSS/TP53 mutant and MSS/TP53 wild type, while the MSS/
EMTsubtype was related to the worst survival. When the first
site of relapse was investigated, it was also revealed that peri-
toneal metastasis were more frequent in patients diagnosed
with MSS/EMT group, while a high percentage of liver lim-
ited metastasis was detected in patients belonging to the MSI
subgroup. According to these data, this model moreover es-
tablishes a prognostic stratification of GC.

Targeted Therapy for Advanced Gastric Cancer:
the Future

The identification of molecular features of GC led to the dis-
covery of specific intracellular pathways and driver genes that
contribute to carcinogenesis [23••]. As in other solid tumours,
the use of targeted agents that block these signalling pathways

Fig. 1 Key features of gastric
cancer proposed by the TCGA.
CIMP: CpG island methylator
phenotype; EBV: Epstein-Barr
virus; MSI: microsatellite
instability; GS: Genomically
stable; CIN: chromosomal
instability. Adapted with
permission from Macmillan
Publishers Ltd: The Cancer
Genome Atlas Research
Network. Comprehensive
molecular characterisation of
gastric adenocarcinoma. Nature
2014; 513:202–9. ©2014
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has recently emerged as a strategy for the treatment of ad-
vanced GC. Targeted agents may be used either alone or in
combination with cytostatic drugs. Up to now, just
trastuzumab and ramucirumab have been shown to signifi-
cantly improve survival in advanced GC patients [6••, 7••].

Overexpression of epidermal growth factor receptor
(EGFR) and Her-2 has been identified in GC activating the
phosphatidylinositol 3-kinase (PI3K)/Akt and Ras/MEK sig-
nalling pathway [25]. Thus, agents that target these receptors
are expected to improve efficacy of GC treatments. HER2
amplification or overexpression is detectable in 7–34 % of
gastric cancer and seems to be related to poor outcomes and
aggressive disease [26]. Trastuzumab, a monoclonal antibody
against HER-2 receptor, was the first targeted agent approved
by FDA in GC patients. A phase III, multicentre, trial (ToGA)
enrolled not pretreated HER2-positive GC patients to receive
cisplatin and 5-FU with or without trastuzumab [6••]. Median
OS of 13.8 months versus 11.1 months was observed among
patients enrolled in the experimental arm. Median
progression-free survival (PFS) was 6.7 months in the
trastuzumab plus CT group compared with 5.5 months in
the control group. Tumour response rate, time to progression
and duration of response were significantly improved in the
experimental group compared with the CT alone group. By
analysing subgroup characteristics, it emerged that OS was
longer in tumours with high expression (immunohistochemis-
try 2+ and FISH positive or immunohistochemistry +3) of
HER2 protein, rather than in those with low expression.
Tests to identify HER2-amplified tumours are mandatory in
all patients with GC, when diagnosed at advanced stage.
Trastuzumab should be always used in association with
platinum-based CT as first-line treatment in patients with
HER2-positive metastatic GC. Pertuzumab, a recombinant
humanised monoclonal antibody that inhibits HER2
homodimerisation and heterodimerisation, has been
shown to improve on Trastuzumab effects in HER2-
amplified breast cancer [27]. The JACOB trial is cur-
rently accruing patients to evaluate the efficacy and
safety of pertuzumab, combined with trastuzumab and
cisplatin plus 5-FU/capecitabine for metastatic GC or
gastroesophageal junction (GEJ) cancer [28].

However, other tyrosine kinase inhibitors (TKIs) blocking
the HER2-activated receptors such as lapatinib did not show
that benefit. Lapatinib is blocking both EGFR and HER-2 and
was assessed in the phase III TRIO-0137/(LOGIC) trial com-
paring the efficacy of capecitabine and oxaliplatin with or
without lapatinib in HER2-amplified GC patients. Lapatinib
did not significantly improve median OS. However, a sub-
group analysis indicated that patients younger than 60 years
and of Asian origin benefited from the addition of lapatinib
[29••]. A phase III trial, TyTAN, determined that lapatinib
combined with paclitaxel as a second-line regimen in patients
with HER2-amplified advanced GC had superior antitumour

activity with single-agent paclitaxel, but no survival prolon-
gation was achieved [30••]. However, in Asian patients, this
combination showed increase in survival compared to pacli-
taxel alone. Although additional prospective studies of
lapatinib in HER2-amplified Asian patients could be required,
its general use cannot be currently recommended.

The blockage of EGFR or HER1 has also been investigated
in GC. Cetuximab, a chimeric IgG1 monoclonal antibody,
combined with capecitabine and cisplatin (EXPAND trial)
and panitumumab, a fully humanised monoclonal antibody,
combined with EOX (REAL-3) as a first-line regimen have
not demonstrated improvements in survival among advanced
GC patients [31••, 32••]. Likewise, several TKIs of EGFR
have been tested. Gefinitib, the first TKI to treat cancer, was
well tolerated but of limited efficacy in patients with recurrent
or metastatic oesophageal or GEJ cancer due to rare EGFR
mutations [33]. Erlotinib (SWOW 0127 trial) is active in pa-
tients with GEJ adenocarcinomas but appears inactive in GC
[34]. Intratumoral EGFR, transforming growth factor-alpha or
phosphorylated Akt kinase expression were not predictive of
clinical outcome. Neither somatic mutations of the EGFR
exons 18, 19, or 21 were detected nor was there gross ampli-
fication of EGFR.

Vascular endothelial growth factor (VEGF) is one of the
most important inducer of tumour angiogenesis. VEGF ex-
pression is commonly high in GC tissues and is related to
the invasiveness, clinical stage and prognosis of GC [35].
Anti-VEGF antibodies and VEGF inhibitors are expected to
block angiogenesis and downstream signalling. In the phase
III trial, AVAGAST, bevacizumab adding to capecitabine in
the first-line treatment of advanced GC did not extend OS but
was associated with significant increases in PFS and overall
response rate [36]. A subgroup analysis demonstrated longer
OS for non-Asian patients and the efficacy of bevacizumab
seems to be related to the baseline expression of VEGF-A and
Neuropilin-1 [37••]. Ramucirumab, a completely humanised
monoclonal antibody against VEGFR2, demonstrated either
alone or in combination with paclitaxel (RAINBOW Trial)
survival and disease control rate benefit as second-line regi-
men for non-Asian GC patients [7••, 38••]. The absence of
survival benefit in the AVAGAST and RAINBOW among
the Asian patient subset could be justified by the better OS
recorded in Asian patients regardless of treatment. Another
antiangiogenic drug, Apatinib, has been tested in a phase III
clinical trial. Apatinib is a high selective small-molecule tyro-
sine kinase inhibitor that strongly inhibits VEGFR2. In a
phase III double blinded, placebo-controlled Asian trial, GC
patients who progressed to at least two lines of CT were
randomised to receive apatinib versus placebo. Median OS
was significantly improved in the apatinib group compared
with placebo (6.5 months versus 4.7 months; HR 0.709);
PFS was also prolonged: 2.6 versus 1.8 months [39••].
Basing on the results of the last studies, whether it is better
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to target the VEGFR2 by a tyrosine kinase inhibitor or a
monoclonal antibody is a matter of investigation [39••, 40].

Others agents that have currently been evaluated in phases
II trials include sunitinib and sorafenib. Sunitinib, an oral
multitargeted TKI, in combination with docetaxel improved
the objective remission rate compared to docetaxel alone (41.1
vs 14.3 %, respectively) [41]. Sorafenib, another multikinase
TKI, combined with docetaxel and cisplatin was associated
with 5.8 median PFS and a 13.6-month median OS [42]. A
trial combining sorafenib with capecitabine and oxaliplatin is
ongoing. These findings require further investigation in
randomised controlled phase III trials.

Overexpression of hepatocyte growth factor and MET has
been reported in 73–88 % and 26–82 % of advanced GC
patients, respectively. Moreover, overexpression of MET has
been associated with poor prognosis in this setting [43]. A
phase II study showed that a combination regimen of
rilotumumab, a c-Met inhibitor, with ECX for the treatment
of advanced gastric and GEJ cancer provided a survival ben-
efit [44]. Based on these, two randomised trials were conduct-
ed, RILOMET-1. Regrettably, the RILOMET-1 study, the
rilotumumab plus ECX regimen as first-line therapy for
MET-positive GC patients has been reported as negative
[45••]. Onartuzumab, an Escherichia coli-derived,
humanised, monovalent monoclonal antibody against Met,
when administered as a single agent or in combination with
bevacizumab in patients with advanced solid malignancies,
showed that onartuzumab was generally well tolerated and
that it showed antitumour activity in GC [46]. Although the
results of these studies are not published, onartuzumab has
been tested in phase II and III studies in combination with
FOLFOX to treat patients with metastatic HER2-negative solid
tumours [47]. Foretinib is an active TKI of MET, ALK and
VEGFR2, in under further research in GC [48]. Another exper-
imental MET TKI, AMG377, is also very active in advanced
GC as shown in early clinical trials [49]. It could be the case that
TKIs inhibiting MET are more potent in the clinic than mono-
clonal antibodies binding to the MET receptor or its ligands.

Fibroblast growth factor (FGF) pathway has been
recognised to be a promising target, and clinical trials are
testing its inhibition. FGFR is implicated in tumorigenesis
and chemoresistance [50]. Several small-molecule FGFR in-
hibitors are currently in clinical development. AZD4547 is a
novel selective small-molecule inhibitor of FGFR with potent
antitumour activity against FGFR-deregulated tumours in pre-
clinical models. Analysis of two phase II studies of AZD4547
was presented at the 2015 ASCO congress. One of them using
AZD4547 monotherapy in FGFR2-amplified GC patients
who had progressed after one or more lines of CT resulted
positive [51]. AZD4547 demonstrated high activity in
FGFR2-amplified GC patients. Copy number variation using
droplet digital PCR in tumour tissue and plasma identified all
GC responders. Digital imaging demonstrated high levels of

homogenous FGFR2 amplification in responding GC pa-
tients. However, the SHINE study of AZD4547 monotherapy
versus paclitaxel for patients with FGFR2 polysomy or gene
amplification was reported to be negative [52]. We could jus-
tify this discrepancy because the optimal selection patients did
in the former clinical trial.

The PI3K/AKT/mTOR pathway is frequently activated in
GC, with overexpression of PI3KCA and phosphorylation of
AKT in 35–80 % and in 40–82 % of GC cases, respectively
[53]. A phase III study, GRANITE-1, compared everolimus
versus BSC in terms of efficacy and safety in advanced GC that
progressed after one or two lines of previous CT. Everolimus did
not significantly improve OS in this setting [54••].

The abnormal expression of matrix metalloproteinase
(MMPs) is associated with the progression and poor prognosis
of GC [55]. The MMP inhibitor marimastat exhibits
antitumour activity in GC [56]. A summary of all phase three
studies with targeted agents investigated in any metastatic
disease setting is provided in Table 1.

In GC, a particular pattern of mutation was recently detect-
ed while studying signatures of mutational processes in hu-
man cancers [57]. This pattern in breast and ovarian cancer
coincides with BRCA1 and BRCA2 mutations, suggesting
that some GCs might harbour BRCA1 and BRCA2 mutations
or even mutations, called as signature 3, leading to similar
effects. Most of these mutations in GC were heterozygous
and were found in cases with a very high prevalence of small
indels and base substitutions, due to defective MSI and acting
as passenger mutations. This molecular signature suggests a
possible therapeutic approach for PARP inhibitors in GC
[58••]. Based upon the understanding of deregulated DNA
damage response, a phase II randomised placebo-controlled
trial was conducted to investigate olaparib plus paclitaxel in
second-line GC patients. An analysis identifying ataxia telan-
giectasia gene (ATM) expression was also performed. PARP
inhibitors could cause synthetic lethality in ATM low expres-
sion. The primary endpoint, PFS, was not met, probably be-
cause of the difficult evaluation of patients with non-
measurable disease, such as peritoneal carcinomatosis.
Nevertheless, olaparib plus paclitaxel significantly improved
OS versus placebo/paclitaxel in both the overall (HR, 0.56;
OS, 13.1 versus 8.3 months) and the ATM low population
(HR, 0.35; median OS, not reached versus 8.2 months)
[59••, 60].

Discussion

The treatment of advanced GC is essentially palliative.
Although it has been considered as a chemosensitive tumour
for many years, no significant progress in its management has
resulted within the last two decades. Most responses to CTare
partial and have short duration. In metastatic patients, median
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survival achieved with CT is 6–11 and survival at 2 years is
exceptionally >10 % [61, 62]. As a result of advances in the
field of tumour biology, attention has been focused on the new
modality of molecular targeted therapy for advanced cancer.
Although an increasing number of clinical studies have ex-
plored the effect of targeted treatment alone or in combination
with CT, its application in GC remains in its infancy compared
with its successful use in colon, lung, and breast cancers.
Precision medicine for GC continues to face important chal-
lenges. Many phase II clinical trials have been performed.
However, randomised phase III clinical trials are scarce.
Despite the great interest derived from the identification of
alteration such as EGFR and HER2 amplification and
PI3KCA mutations, in several clinical trials, the benefit ob-
tained by using targeted agents against these was not ob-
served. The use of anti EGFR monoclonal antibodies,
cetuximab and panitumumab did not lead to clinical benefit

[31••, 32••]. One of the reasons, which could have caused this
result, is the choice of capecitabine and cisplatin backbone
CT. In a clinical trial, enrolling KRAS wild-type colorectal
cancer patients, cetuximab plus first-line CT regimens based
on an oral fluoropyrimidine, or bolus fluorouracil, does not
provide additional benefit in patients compared with CT alone
[63]. The reason is unclear and might be attributable to a
negative pharmacokinetic interaction between capecitabine
and cetuximab or increased incidence of toxic effects associ-
ated with this treatment combination compared with
cetuximab and infusional fluorouracil. In both trials, EGFR
overexpression was not preselected as inclusion criteria.
Because of the increase of gastrointestinal toxicity due to the
use of panitumumab, in the REAL 3 trial, the schedule of
backbone CT used in the study protocol was partially modi-
fied, and this variation could justify the detrimental trend ob-
served. Another possible reason of the failure of this strategy

Table 1 Phase III clinical trials that used targeted agents for the treatment of advanced GC

Trial Agent Chemotherapy Line Treatment OS (experimental
vs control group)

PFS (experimental
vs control group)

EGFR/ERB2 pathway

ToGA [6••] Traztuzumab X(FU)P First-line mOS 13.8 m vs 11.1 mOS 6.7 m vs 5.5 m

P= .0046 P= 0 · 0002

EXPAND [31••] Cetuximab XP First-line mOS 9.4 m vs 10.7 m mPFS 4.4 m vs 5.6 m

P= .95 P= .32

REAL3 [32••] Panitumumab EOX First-line mOS 8.8 m vs 11.3 m mPFS 6.0 m vs 7.4 m

P= .013 P= .068

TRIO-013/ LOGIC [29••] Lapatinib XELOX First-line mOS 12.2 m vs 10.5 m mPFS 6.0 m vs 5.4 m

P= .0381 P= 0 · 381

TyTAN [30••] Lapatinib Paclitaxel Second-line mOS 11.0 m vs 8.9 m mPFS 5.4 m vs 4.4 m

P= .1044 P= .2441

VEGF pathway

AVAGAST [36] Bevacizumab X(FU)P First-line mOS 12.1 m vs 10.1 m mPFS 6.7 m vs 5.3 m

P= .1002 P= .0037

REGARD [38••] Ramucirumab BSC Second-line mOS 5.2 m vs 3.8 m mPFS 2.1 m vs1.39 m

P= .0047 P= unknown

RAINBOW [7••] Ramucirumab Paclitaxel Second-line mOS 9.6 m vs 7.4 m mPFS 4.4 m vs 2.9 m

P= .017 P< .0001

NCT01512745 [39••] Apatinib placebo Third-line mOS mPFS

6.9 m vs 4.7 2.6 vs 1.8

P= .0149 P< .001

PI3K/Akt/mTOR pathway

GRANITE-1 [54••] Everolimus placebo After one or two lines mOS 5.4 m vs 4.3 m mPFS 1.7 m vs 1.4 m

P= .124 P< .001

MET pathway

RILOMET1[45••] Rilotumumab ECX First-line mOS 9.6 m vs 11.5 m mPFS 5.7 m vs 5.7 m

P= .021 P= .025

MetGastric [47] Onartuzumab mFOLFOX6 First-line No study results posted No study results posted

X Capecitabine, 5FU 5-fluorouracil, P platinum, EOX epirubicin/oxaliplatin/capecitabine, XELOX capecitabine/oxaliplatin, BSC best supportive care,
ECX epirubicin/cisplatin/capecitabine

41 Page 6 of 10 Curr Oncol Rep (2016) 18: 41



was supposed to be the not completely correct patient selec-
tion. Data from single-group studies in this setting suggest that
EGFR expression, EGFR gene copy number and expression
of other EGFR ligands (epiregulin and amphiregulin) or
downstream components of the EGFR-signalling pathway
might be candidate biomarkers for EGFR-antibody efficacy
[64]. In the EXPAND trial, EGFR tumour expression was
generally low, and a subgroup analysis suggested that the
EGFR immunohistochemistry score was not associated with
survival in either treatment group [31••]. Furthermore, as in
GC, the expected rate of KRASmutation was low, and KRAS
was not used as a predictive biomarker.

Despite the advantage in adding an anti-HER2 treatment in
HER2-positive GC, the use of lapatinib did not show any
benefit in Caucasian both in first-line and in second-line treat-
ment [29••, 30••]. Many possible causes could have led to
these results such as the superior efficacy of trastuzumab
against HER2-positive tumours and the lack of compliance
of patients because of the presence of gastrointestinal toxic-
ities related to lapatinib. Another relevant aspect, which could
be related with the disappointing results, is the pharmacoki-
netics of lapatinib that could have been deeply modified be-
cause of previous gastric surgery, as suggested when lapatinib
was added to paclitaxel as second-line treatment. Moreover,
unlike the ToGA trial, a relevant difference was observed
above different ethnic groups, suggesting that Asian patients
could benefit from this treatment, even not reaching statistical
significance. According with data extrapolated in ToGA trial,
in second-line setting, adding lapatinib to paclitaxel could be
meaningful in IHC 3+ patients but not in IHC 0/1 [6••]. When
everolimus was tested versus BSC in pretreated patients in a
no selected population, no clinical benefit was underlined
[54••]. The lack of significant benefit may be partially attrib-
utable to the treatment after progression received by patients
randomised in the placebo arm.

The absence of predictive biomarkers is making difficult
the application of personalised or precision medicine to GC
patients. In many trials with targeted agents, the design has not
taken into account an appropriate selection process, mimick-
ing traditional types of designs useful in the era of cytotoxic
CT. When patients are selected without a precise molecular
feature, which makes their tumours more sensitive to a very
specific therapeutic intervention, the possibility of getting suc-
cessful data is very limited. Targeted agents are not to be used
for all comers. The example of trastuzumab, being studied
only in HER2-amplified tumours, with a validated, feasible
and available test that could be performed anywhere, is indi-
cating us the way to proceed. If HER2 inhibitors were applied
to all patients, without such a strong predictive biomarker,
they would have failed in impacting survival in a general or
non-selected population. Having many negative trials with
targeted drugs in GS is a challenge for a better trial design,
in which potential targeted molecular alterations should be

systematically investigated to enrich our patient samples in
trials and to eventually enhance the probability of having a
successful outcome. MET is a potential driver in GC, and
therefore, MET antibodies and small TKIs were tested in clin-
ical trials without success in phase III randomised studies,
despite a clear evidence of extensive and durable responses
in individual patients during earlier development [43, 44, 45••,
46, 47]. Developing predictive biomarkers at the same time
that targeted drugs are studied in early clinical trials is a need
for a better personalised approach.

The use of antiangiogenic drugs was supposed to be active
but the first randomised trial using bevacizumab did not con-
firm this hypothesis [36]. Despite this evidence, the use of
another antiangiogenic, ramucirumab, alone or in combina-
tion with paclitaxel as second-line treatment demonstrated a
benefit in both OS and PFS [7••, 38••]. Ramucirumab, a fully
humanised antibody, is a high selective inhibitor of VEGFR2.
The advantage of inhibiting directly this receptor could be
associated with better clinical outcomes [65]. Likewise, the
absence of survival benefit in the AVAGAST and
RAINBOW trial in Asian patients could be explained by this
population which has longer OS compared with western pop-
ulation, independent of the treatment and by the pharmacoge-
netic differences in drug metabolism which lead to differential
toxicities and survival across regions in clinical trials. In a
study which examined genotype profiles in Japanese and
American patients across four randomised trials in NSCLC,
Gandara et al. demonstrated variability in allelic frequencies
of variants in enzymes relating to paclitaxel and cisplatin me-
tabolism which were associated with both toxicity and patient
outcomes [66]. So, we should take into account the individual
differences in drug metabolism and bioavailability.

Moreover, another relevant field under investigation is the
role of immunotherapy in gastric cancer. In a phase I clinical
trial enrolling PD-L1 positive in stroma or ≥1% cancer cells in
patients with metastatic GC, pembrolizumab was generally
well tolerated and showed antitumour activity in heavily
pretreated patients. Pembrolizumab is currently undergoing
extensive investigation in phase I and II trials [67].

Conclusions

We have learned that GC is a very heterogeneous disease as
defined by the new molecular classification. On the other
hand, validated predictive biomarkers are of extreme impor-
tance to bring new developments into clinical practice. One
size does not fit all. Molecular targeted agents cannot be de-
veloped as if they were cytotoxic agents. Powerful tools such
as next-generation sequencing may definitely help in under-
standing this complex situation. Early development of predic-
tive biomarkers, when molecular targets are blocked by spe-
cific agents, is of paramount importance. Personalised or
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precision medicine means not only better and more specific
drugs but also better tools to identify as different diseases that
on the classical and conventional pathology approach look
very much the same. This path has already been initiated for
gastric cancer, although it is in its very early steps. The exam-
ple of HER2-amplified tumours is outstanding in this sense,
but finding out other subgroups in which a similar approach
could be applied should be our goal for future development.

Acknowledgments Valentina Gambardella holds a grant from the
European Society for Medical Oncology. Noelia Tarazona holds a Rio
Hortega Contract CM15/00246 from the Instituto de Salud Carlos III, Spain.

Compliance with Ethical Standards

Conflict of Interest Noelia Tarazona, Valentina Gambardella, Marisol
Huerta, Susana Roselló and Andrés Cervantes declare that they have no
conflict of interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
•• Of major importance

1. Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA
Cancer J Clin. 2011;61:69–90.

2. Rahman R, Asombang AW, Ibdah JA. Characteristics of gastric
cancer in Asia. World J Gastroenterol. 2014;20:4483–90.

3. Hundahl SA, Phillips JL, Menck HR. The National Cancer Data
Base Report on poor survival of US gastric carcinoma patients
treated with gastrectomy: fifth edition American Joint Committee
on Cancer staging, proximal disease, and the ‘different disease’
hypothesis. Cancer. 2000;88:921–32.

4. MacDonald J, Smalley S, Benedetti J, et al. Chemoradiotherapy after
surgery compared with surgery alone for adenocarcinoma of the stom-
ach or gastroesophageal junction. N Engl J Med. 2001;345:725–9.

5. Glimelius B, Ekström K, Hoffman K, et al. Randomized compari-
son between chemotherapy plus best supportive care with best sup-
portive care in advanced gastric cancer. Ann Oncol. 1997;8:163–8.

6.•• Bang YJ, Van Cutsem E, Feyereislova A, et al. Trastuzumab in
combination with chemotherapy versus chemotherapy alone for
treatment of HER2-positive advanced gastric or gastro-oesophageal
junction cancer (ToGA): a phase 3, open-label, randomised con-
trolled trial. Lancet. 2010;376:687–97. Trastuzumab represents
the first example of personalized medicine for advanced gastric
cancer patients, improving PFS and OS.

7.•• Wilke H, Muro K, Van Cutsem E, et al. Ramucirumab plus pacli-
taxel versus placebo plus paclitaxel in patients with previously treat-
ed advanced gastric or gastro-oesophageal junction adenocarcino-
ma (RAINBOW): a double-blind, randomised phase 3 trial. Lancet
Oncol. 2014;15:1224–35. Ramucirumab represents the first
antiangiogenic agent which led to clinical benefit in gastric can-
cer when used as single agent or in combination.

8. Siewert JR, Bottcher K, Stein HJ, et al. Relevant prognostic factors
in gastric cancer. Ten-year results of the German Gastric Cancer
Study. Ann Surg. 1998;228:449–61.

9. Wagner AD, Unverzagt S, Grothe W, et al. Chemotherapy for ad-
vanced gastr ic cancer. Cochrane Database Syst Rev.
2010;24769(3):CD004064.

10. Garrido M, Fonseca PJ, Vieitez JM, et al. Challenges in first line
chemotherapy and targeted therapy in advanced gastric cancer.
Expert Rev Anticancer Ther. 2014;14:887–900.

11. Kang Y, Kang W, Shin D, et al. Capecitabine/cisplatin versus 5-
fluorouracil/cisplatin as first-line therapy in patients with advanced
gastric cancer: a randomised phase III noninferiority trial. Ann
Oncol. 2009;20:666–73.

12. Koizumi W, Narahara H, Hara T, et al. S-1 plus cisplatin versus S-1
alone for first-line treatment of advanced gastric cancer (SPIRITS
trial): a phase III trial. Lancet Oncol. 2008;9:215–21.

13. Yamada Y, Higuchi K, Nishikawa K, et al. Phase III study compar-
ing oxaliplatin plus S-1 with cisplatin plus S-1 in chemotherapy-
naive patients with advanced gastric cancer. Ann Oncol. 2015;26:
141–8.

14. Al-Batran SE, Hartmann JT, Probst S, et al. Phase III trial in meta-
static gastroesophageal adenocarcinoma with fluorouracil,
leucovorin plus either oxaliplatin or cisplatin: a study of the
Arbeitsgemeinschaft Internistische Onkologie. J Clin Oncol.
2008;26:1435–42.

15. Cunningham D, Allum WH, Stenning SP, et al. Perioperative che-
motherapy versus surgery alone for resectable gastroesophageal
cancer. N Engl J Med. 2006;355:11–20.

16. Cunningham D, Starling N, Rao S, et al. Capecitabine and
oxaliplatin for advanced esophagogastric cancer. N Engl J Med.
2008;358:36–46.

17. Ford HE, Marshall A, Bridgewater JA, et al. Docetaxel versus ac-
tive symptom control for refractory oesophagogastric adenocarci-
noma (COUGAR-02): an open-label, phase 3 randomised con-
trolled trial. Lancet Oncol. 2014;15:78–86.

18. Thuss-Patience PC, Kretzschmar A, Bichev D, et al. Survival ad-
vantage for irinotecan versus best supportive care as second-line
chemotherapy in gastric cancer–a randomised phase III study of
the Arbeitsgemeinschaft Internistische Onkologie (AIO). Eur J
Cancer. 2011;47:2306–14.

19. Hironaka S, Ueda S, Yasui H, et al. Randomized, open-label, phase
III study comparing irinotecan with paclitaxel in patients with ad-
vanced gastric cancer without severe peritoneal metastasis after
failure of prior combination chemotherapy using fluoropyrimidine
plus platinum: WJOG 4007 trial. J Clin Oncol. 2013;31:4438–44.

20. Lauren P. The two histological main types of gastric carcinoma:
diffuse and so-called intestinal-type carcinoma. Acta Pathol
Microbiol Scand. 1965;64:31–49.

21. Lauwers GY, Carneiro F, Graham DY. Gastric carcinoma. In:
Bowman FT, Carneiro F, Hruban RH, editors. Classification of
tumours of the digestive system. Lyon: IARC; 2010.

22.•• Deng N, Goh LK, Wang H, et al. A comprehensive survey of ge-
nomic alterations in gastric cancer reveals systematic patterns of
molecular exclusivity and co-occurrence among distinct therapeutic
targets. Gut. 2012;61:673–84. This analysis represents one of the
most relevant studies of molecular target in gastric cancer.

23.•• The Cancer Genome Atlas Research N. Comprehensive molecular
characterization of gastric adenocarcinoma. Nature. 2014;513:202–
9.Molecular classification could improve the knowledge of gas-
tric cancer leading to personalized medicine.

24.•• Cristescu R, Lee J, NebozhynM, et al. Molecular analysis of gastric
cancer identifies subtypes associated with distinct clinical out-
comes. Nat Med. 2015;21:449–56. This article is very relevant
representing a good example of correlation between molecular
features and outcome.

41 Page 8 of 10 Curr Oncol Rep (2016) 18: 41



25. Jacome AA,Wohnrath DR, Scapulatempo Neto C, et al. Prognostic
value of epidermal growth factor receptors in gastric cancer: a sur-
vival analysis by Weibull model incorporating long-term survivors.
Gastric Cancer. 2014;17:76–86.

26. Gravalos C, Jimeno A. HER2 in gastric cancer: a new prognostic
factor and a novel therapeutic target. Ann Oncol. 2008;19:1523–9.

27. Swain SM, Baselga J, Kim SB, et al. Pertuzumab, trastuzumab and
docetaxel in HER-2 positive metastatic breast cancer. N Engl J
Med. 2015;372:724–34.

28. Oh DY, Bang YJ. Pertuzumab in gastrointestinal cancer. Expert
Opin Biol Ther. 2015;16:243–253.

29.•• Hecht JR, Bang YJ, Qin S, et al. Lapatinib in combination with
capecitabine plus oxaliplatin (CapeOx) in HER2-positive advanced
or metastatic gastric, esophageal, or gastroesophageal adenocarci-
noma (AC): The TRIO-013/LOGiC Trial. J Clin Oncol. 2016;34:
443–51. This phase III trial does not show any improvement in
survival by adding lapatinib to platinum-based I line
chemotherapy.

30.•• Satoh T, Xu RH, Chung HC, et al. Lapatinib plus paclitaxel versus
paclitaxel alone in the second-line treatment of HER2-amplified
advanced gastric cancer in Asian populations: TyTAN a random-
ized, phase III study. J Clin Oncol. 2014;32:2039–49. This phase
III trial does not show any improvement in survival by adding
lapatinib to paclitaxel-based II line chemotherapy.

31.•• Lordick F, Kang YK, Chung HC, et al. Capecitabine and cisplatin
with or without cetuximab for patients with previously untreated
advanced gastric cancer (EXPAND): a randomised, open-label
phase 3 trial. Lancet Oncol. 2013;14:490–9. This phase III trial
does not show any improvement in survival by adding
cetuximab to platinum-based I line chemotherapy.

32.•• Waddell T, Chau I, Cunningham D, et al. Epirubicin, oxaliplatin,
and capecitabine with or without panitumumab for patients with
previously untreated advanced oesophagogastric cancer (REAL3):
a randomised, open-label phase 3 trial. Lancet Oncol. 2013;14:481–
9. This phase III trial does not show any improvement in sur-
vival by adding panitumumab to platinum-based I line
chemotherapy.

33. Adelstein DJ, Rodriguez CP, Rybicki LA, Ives DI, Rice TW. A
phase II trial of gefitinib for recurrent or metastatic cancer of the
esophagus or gastroesophageal junction. Investig New Drugs.
2012;30:1684–9.

34. Dragovich T, McCoy S, Fenoglio-Preiser CM, et al. Phase II trial of
erlotinib in gastroesophageal junction and gastric adenocarcinomas:
SWOG 0127. J Clin Oncol. 2006;24:4922–7.

35. Grigore D, Simionescu CE, Stepan A, et al. Assessment of CD105,
alpha-SMA andVEGF expression in gastric carcinomas. Romanian
J Morphol Embryol. 2013;54:701–7.

36. Ohtsu A, Shah MA, Van Cutsem E, et al. Bevacizumab in combi-
nation with chemotherapy as first-line therapy in advanced gastric
cancer: a randomized, double-blind, placebo-controlled phase III
study. J Clin Oncol. 2011;29:3968–76.

37.•• Van Cutsem E, de Haas S, Kang YK, et al. Bevacizumab in com-
bination with chemotherapy as first-line therapy in advanced gastric
cancer: a biomarker evaluation from the AVAGAST randomized
phase III trial. J Clin Oncol. 2012;30:2119–27. This phase III trial
does not show any improvement in survival by adding
bevacizumab to platinum-based I line chemotherapy.

38.•• Fuchs CS, Tomasek J, Yong CJ, et al. Ramucirumab monotherapy
for previously treated advanced gastric or gastro-oesophageal junc-
tion adenocarcinoma (REGARD): an international, randomised,
multicentre, placebo-controlled, phase 3 trial. Lancet. 2014;383:
31–9. Ramucirumab as single agent was able to improve sur-
vival in pretreated patients.

39.•• Li J, Qin S, Xu J, Xiong J. Randomized, Double-Blind, Placebo-
Controlled Phase III Trial of Apatinib in Patients With
Chemothe rapy -Re f r ac to ry Advanced or Meta s t a t i c

Adenocarcinoma of the Stomach or Gastroesophageal Junction. J
Clin Oncol. 2016. Apatinib showed efficacy in pretreated
patients.

40. Ilson DH. Targeting the vascular endothelial growth factor pathway
in gastric cancer: a hit or a miss? J Clin Oncol 2016.

41. Yi JH, Lee J, Lee J, Park SH, et al. Randomised phase II trial of
docetaxel and sunitinib in patients with metastatic gastric cancer
who were previously treated with fluoropyrimidine and platinum.
Br J Cancer. 2012;106:1469–74.

42. Sun W, Powell M, O’Dwyer PJ, et al. Phase II study of sorafenib in
combination with docetaxel and cisplatin in the treatment of meta-
static or advanced gastric and gastroesophageal junction adenocar-
cinoma: ECOG 5203. J Clin Oncol. 2010;28:2947–51.

43. Kawakami H, Okamoto I, Arao T, et al. MET amplification as a
potential therapeutic target in gastric cancer. Oncotarget.
2013;4:9–17.

44. Iveson T, Donehower RC, Davidenko I, et al. Rilotumumab in
combination with epirubicin, cisplatin, and capecitabine as first-
line treatment for gastric or oesophagogastric junction adenocarci-
noma: an open-label, dose de-escalation phase 1b study and a
double-blind, randomised phase 2 study. Lancet Oncol.
2014;15:1007–18.

45.•• Cunningham D, Tebbutt NC, Davidenko I, et al. Phase III, random-
ized, double-blind, multicenter, placebo (P)-controlled trial of
rilotumumab (R) plus epirubicin, cisplatin and capecitabine
(ECX) as first-line therapy in patients (pts) with advanced MET-
positive (pos) gastric or gastroesophageal junction (G/GEJ) cancer:
RILOMET-1 study. J Clin Oncol. 2015;33(Suppl):abstr 4000. This
phase III trial does not underlie clinical benefit by adding a
METantibody to chemotherapy.

46. Salgia R, Patel P, Bothos J, et al. Phase I dose-escalation study of
onartuzumab as a single agent and in combination with
bevacizumab in patients with advanced solid malignancies. Clin
Cancer Res. 2014;20:1666–75.

47. Cunningham D, Bang YJ, Tabernero J, et al. MetGastric: A ran-
domized phase III study of onartuzumab (MetMAb) in combination
with mFOLFOX6 in patients with metastatic HER2-negative and
MET-positive adenocarcinoma of the stomach or gastroesophageal
junction. J Clin Oncol 2013: 31(suppl; abstr TPS4155).

48. Kwak F. Clinical activity observed in a phase I dose escalation trial
of an oral c-met and ALK inhibitor. J Clin Oncol. 2009;27 Suppl:
abstr 15.

49. Kwak E L, LoRusso P, Hamid O et al. Clinical activity of AMG
337, an oral MET kinase inhibitor, in adult patients (pts) withMET-
amplified gastroesophageal junction (GEJ), gastric (G), or esopha-
geal (E) cancer. Clin Oncol 2015: 33(suppl 3; abstr 1).

50. Gavine PR, Mooney L, Kilgour E, et al. AZD4547: an orally bio-
available, potent, and selective inhibitor of the fibroblast growth
factor receptor tyrosine kinase family. Cancer Res. 2012;72:
2045–56.

51. Smyth EC, Turner NC, Peckitt C, et al. Phase II multicenter proof of
concept study of AZD4547 in FGFR amplified tumours. J Clin
Oncol. 2015;33:abstr 2508.

52. Bang YJ, Van Cutsem E, Mansoor W, et al. A randomized, open-
label phase II 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
amplification (amp): SHINE study. J Clin Oncol. 2015;33:
abstr 4014.

53. Tapia O, Riquelme I, Leal P, et al. The PI3K/AKT/mTOR pathway
is activated in gastric cancer with potential prognostic and predic-
tive significance. Virchows Arch. 2014;465:25–33.

54.•• Ohtsu A, Ajani JA, Bai YX, et al. Everolimus for previously treated
advanced gastric cancer: results of the randomized, double-blind,
phase III GRANITE-1 study. J Clin Oncol. 2013;31:3935–43. This

Curr Oncol Rep (2016) 18: 41 Page 9 of 10 41



phase III trial does not show clinical benefit by adding everoli-
mus to chemotherapy.

55. Wu T, Li Y, Lu J, et al. Increased MMP-21 expression is associated
with poor overall survival of patients with gastric cancer. Med
Oncol. 2013;30:323.

56. Bramhall SR, Hallissey MT, Whiting J, et al. Marimastat as main-
tenance therapy for patients with advanced gastric cancer: a
randomised trial. Br J Cancer. 2002;86:1864–70.

57. Alexandrov LB, Nik-Zainal S, Wedge DC, et al. Signatures of mu-
tational processes in human cancer. Nature. 2013;500:415–21.

58.•• Alexandrov LB, Nik-Zainal S, Siu HC, et al. Amutational signature
in gastric cancer suggests therapeutic strategies. Nat Commun.
2015;6:8683. This article suggests the possibility of use new
treatment based on genetical study in GC.

59.•• Bang YJ, Im SA, Lee KE, et al. Randomized, double-blind phase II
trial with prospective classification by ATM protein level to evalu-
ate the efficacy and tolerability of olaparib plus paclitaxel in patients
with recurrent or metastatic gastric cancer. J Clin Oncol. 2015;33:
3858–65. This trial demonstrates the possible benefit deriving
from using olaparib in selected patients diagnosed with gastric
cancer.

60. Burtness B. Complexity in the gastric cancer genome and a
biomarker-driven trial of poly (ADP-Ribose) polymerase inhibition
in gastric cancer. J Clin Oncol. 2015;33:3845–6.

61. Cervantes A, Roda D, Tarazona N, et al. Current questions for the
treatment of advanced gastric cancer. Cancer Treat Rev.
2013;39:60–7.

62. Lordick F, AllumW, Carneiro F, et al. Unmet needs and challenges
in gastric cancer: the way forward. Cancer Treat Rev.
2014;40:692–700.

63. Adams RA, Meade AM, Seymour MT, et al. Intermittent versus
continuous oxaliplatin and fluoropyrimidine combination chemo-
therapy for first-line treatment of advanced colorectal cancer: re-
sults of the randomised phase 3 MRC COIN trial. Lancet Oncol.
2011;12:642–53.

64. Tabernero J, Cervantes A, Rivera F, et al. Pharmacogenomic and
pharmacoproteomic studies of cetuximab in metastatic colorectal
cancer: biomarker analysis of a phase I dose-escalation study JCO
2010:1181–1189.

65. Brekken RA, Overholser JP, Stastny VA, et al. Selective inhibition
of vascular endothelial growth factor (VEGF) receptor 2 (KDR/Flk-
1) activity by a monoclonal anti-VEGF antibody blocks tumor
growth in mice. Cancer Res. 2000;60:5117–24.

66. Gandara DR, Kawaguchi T, Crowley J, et al. Japanese-US com-
mon-arm analysis of paclitaxel plus carboplatin in advanced non-
small-cell lung cancer: a model for assessing population-related
pharmacogenomics. J Clin Oncol. 2009;27:3540–6.

67. Muro K, Bang YJ, Shankaran V, et al. Relationship between PD-L1
expression and clinical outcomes in patients (Pts) with advanced
gastric cancer treated with the anti-PD-1 monoclonal antibody
pembrolizumab (Pembro; MK-3475) in KEYNOTE-012. J Clin
Oncol. 2015;33 Suppl 3:abstr 03.

41 Page 10 of 10 Curr Oncol Rep (2016) 18: 41


	Personalised Treatment in Gastric Cancer: Myth or Reality?
	Abstract
	Introduction
	The Age of Chemotherapy
	From Microscopic to Molecular Classification
	Targeted Therapy for Advanced Gastric Cancer: the Future
	Discussion
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: •• Of major importance



