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Abstract: Esophagogastric cancers (EGCa) are a leading cause of cancer related mortality worldwide. It has

been recognized that they represent heterogenous diseases based on histology and anatomy. However, it is also

increasingly evident that these are diverse malignancies based on genetic alterations, and this is increasingly

making these diseases amenable to targeted therapies. While epidermal growth factor receptor (EGFR) and

mTOR inhibitors have failed to prove effective in the treatment of advanced EGCa, vascular endothelial

growth factor (VEGF) inihibitor have now been demonstrated to improve survival, at least in the 2nd line

setting of adenocarcinomas. Other promising approaches are being investigated, including targeted therapies

such as MET and FGFR inhibitors, as well as immunotherapy and agents that may affect synthetic lethality.

Keywords: Gastric cancer; esophageal cancer; MET; vascular endothelial growth factor (VEGEF); PD1

Submitted Apr 20, 2016. Accepted for publication Jun 06, 2016.

doi: 10.21037/jg0.2016.08.13

View this article at: http://dx.doi.org/10.21037/jgo.2016.08.13

Introduction

Esophagogastric cancers (EGCa) are a heterogenous
group of malignancies that comprise tumors arising in the
esophagus, gastroesophageal junction, and stomach. Taken
together these diseases were diagnosed in about 1,407,400
individuals worldwide in 2012, and caused 1,123,300 deaths (1).
Historically, and globally, most esophageal cancers are
histologically squamous cell carcinomas. However, in
the United States and Western Europe, most esophageal
malignancies are adenocarcinomas (1,2).

In the era of cytotoxic chemotherapies, the distinction
between adenocarcinomas and squamous cell carcinomas
did not seem to matter, and the standard therapy for
metastatic disease has been a combination of a platinum
and a fluoropyrimidine (3). With the advent of molecularly
targeted therapies, the differences between these
histologies have raised the potential of a divergence in
therapy for esophageal squamous cell carcinomas, and
gastric, gastroesophageal junction and distal esophageal
adenocarcinomas. For example, though it is outside the
scope of this article, the first targeted therapy that has
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been demonstrated to be effective in EGCa, trastuzumab
(Herceptin) has been studied primarily in, and appears to be
effective mainly in gastroesophageal adenocarcinomas (4,5).

The brief history of the development of targeted
therapies of EGCa has been littered with failed studies.
A general consensus has been that this is, at least in part,
because of a lack of biological markers suggesting optimal
target populations for therapy, akin to HER2 amplification
in gastroesophageal adenocarcinomas. The growing
understanding of the biology of EGCa and the genetic
and molecular changes underlying its development suggest
a great promise for progress in the treatment of these
malignancies (Table 1).

Recently, studies have been conducted evaluating the
genome of gastric and esophageal cancers, attempting to
better characterize these malignancies, and identify genetic
alterations that may be used to optimize therapy. Most
prominently, The Cancer Genome Atlas Research Network
classified gastric adenocarcinomas into four subtypes:
Epstein-Barr virus-high, with extensive DNA promoter
hypermethylation representing about 9% of patients;
microsatellite instability (MSI-high), with hypermethylation
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Table 1 Potential therapeutic targets in esophagogastric cancer

Human epidermal growth factor receptor 2 (ERBB2/HER2)
Vascular endothelial growth factor (VEGF)/VEGF receptor (VEGFR)
MET amplification

Fibroblast growth factor receptor 2 (FGFR2) amplification

Ataxia telangiectasia mutation (ATM)

Programmed death (PD)-1/PD ligand (PD-L) 1

Table 2 Potential genomic classifications of gastric cancer

Classification Frequency (%) Comment

Epstein Barr virus-high 9 TGCA
Microsatellite instability high  15-22 TGCA
(MSI-H)

Genomically stable (GS) 20 TGCA
Chromosomal instability (CIN) 50 TGCA

MET amplification 2-9 Subgroup of CIN?

FGFR2 amplification 4-9 Subgroup of CIN?

HER2 amplification 23 Subgroup of CIN?

ATM-low 20 Subgroup of GS?
Of MSI-H?

of MLHI, in about 22% of patients; chromosomal
instability (CIN), which included extensive copy number
aberrations, including in p53, ERBB3, PIK3CA, k-ras
and ARIDIA, representing about 50% of patients; and
genomically stable (GS) tumors, including about 20%
of patients who did not have significant copy number
aberrations, though most commonly, p53, k-ras, PIK3CA,
ARIDI1A, ERBB2, and the B-catenin and transforming
growth factor-p pathways were mutated (6). As these
profiles were derived from a mixed population of patients,
that was primarily non-metastatic gastric adenocarcinoma,
how well these classifications will reflect patients with
metastatic EGCa remains uncertain. However, others have
categorized gastric cancers from different study populations,
and esophageal adenocarcinomas and squamous cell
carcinoma, and have also reported noting a distinct
population with MSI-high gastric, again representing about
15-20% of patients, but also noting some differences (7-9).
Interestingly, none of these classifications specify that
the HER2 amplified gastric cancers represent a distinct
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group of patients. Nonetheless, taken together, these
classifications support the notion that there are new and
distinct subgroups of gastric adenocarcinoma that may be
amenable to further study, and specific therapy (Z7able 2).

Epidermal growth factor receptor (EGFR)

It is possible and potentially important, that different
pathways have varying import, mechanisms of action and
resistance in different tumor types. For example, agents that
target the EGFR including monoclonal antibodies cetuximab
and panitumumab have demonstrated activity in colorectal
cancer, and small molecule inhibitors gefinitib and imatinib
in non-small cell lung cancer. Conversely, the monoclonal
antibodies do not have definite activity in non-small cell lung
cancer, and the small molecule inhibitors do not appear active
in colorectal cancer. Mutations in the ras/raf pathway are one
mechanism of resistance to these agents.

Despite initially promising results, anti-EGFR agents
have not been demonstrated to have definitive activity in
gastroesophageal adenocarcinomas, despite the fact that ras
mutations have been relatively uncommon. In esophageal
adenocarcinomas, phase II studies of gefitinib (10) and
erlotinib (11) reported response rates of 11% and 0%,
respectively, while erlotinib induced responses in 15% of
patients with esophageal squamous cell carcinomas (12).
A SWOG study in gastroesophageal junction and gastric
adenocarcinomas resulted in responses in 9% of patients (11).
Cetuximab in a similar population produced a response
in 3% of patients (13). However, the only randomized
phase III study of a single agent EGFR inhibitor,
gefitinib in the second line setting in esophageal cancers
(75% adenocarcinoma) in this case, did not demonstrate
a survival benefit compared to placebo (3.73 months
compared to 3.67 months) (14). Similarly, in combinations
with chemotherapy in the first line setting, the anti-
EGFR monoclonal antibodies also did not demonstrate
any survival benefit for cetuximab or panitumumab, in
combination with cisplatin-capecitabine (15) and epirubicin-
oxaliplatin-capecitabine (16) respectively. These failures to
improve survival in EGCa highlight the limitations in our
understanding of the EGFR pathway.

Other elements that have been hypothesized to influence
the growth factor receptor pathways, including PI3KCA/akt/
mTOR, have also been explored. Despite initial suggestions
of possible activity of everolimus (Affintor), manifested
as stable disease in a single arm phase II study (17), this
treatment did not significantly improve survival in the
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2"/3" line setting, compared to placebo in a phase III study,
thought it did double the disease control rate from 22.0%
to 43.3%, and increase the likelihood of being free from
progressive disease at 6 months from 4.3% to 12.0% (18).
The failure of this study was a reflection of our nascent
understanding of the biology of gastric cancers, as well as
the drug development process.

Vascular endothelial growth factor (VEGF)

With the demonstration of the anticancer potential of anti-
angiogenic therapy, many studies have subsequently been
undertaken with agents that target the VEGF pathway.
The initial study was undertaken with bevacizumab, a
monoclonal antibody that binds the ligand VEGF-A, in
combination with chemotherapy as first line therapy in
gastroesophageal adenocarcinomas However, while there
was an increase in response and progression-free survival,
the study failed to meet its primary endpoint of survival
improvement. This was potentially ascribed to differences
in treatment patterns and outcomes in Asia compared to
Europe, and in particular the Americas (19). Nonetheless,
these results, concerns about bleeding with squamous
cell carcinomas, and the modest single agent activity
for sunitinib (response rates of 3.9-12%, but median
progression free survival was less than 2 months, as second
line therapy) (20,21) and sorafenib (response rate of 3%, but
stable disease in and 56%, median progression free survival
of 3.6% in refractory disease) (22) conspired to dampen
the enthusiasm for anti-VEGF therapy in gastroesophageal
cancers.

In contrast to these disappointing early results, in the
early part of this decade, novel anti-VEGF therapies
including ramucirumab, a monoclonal antibody
inhibiting the VEGF receptor (VEGFR), and apatinib,
an oral tyrosine kinase inhibitor of the VEGFR have been
demonstrated to produce modest single agent response rates,
but significantly increased survival in the second-line setting
of patients with gastroesophageal junction adenocarcinoma.
Fuchs et al evaluated single agent ramucirumab administered
intravenously every 2 weeks, compared to placebo in the
REGARD study. The ramucirumab demonstrated a 3%
response rate, but induced stable disease in 45% of patents,
and increased the likelihood of progression free survival
at 12 weeks from 15.8% with placebo to 40.1%, and
overall survival at 6 months from 31.6% to 41.8% (23). In
combination with weekly paclitaxel as well, ramucirumab also
further improved outcomes compared to paclitaxel, including
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increasing the response rate from 16% with paclitaxel to 28%
with the combination, and the disease control rate from 64%
to 80%, respectively. Similarly, the addition of ramucirumab
to paclitaxel improved survival by 20%, including a 6 months
survival from 57% to 72%, and survival at 1 year from
30% to 40% (24). In China, apatinib has been studied in a
randomized phase III study of 273 chemotherapy-refractory
patients with gastric and gastroesophageal adenocarcinoma,
compared to placebo. The oral VEGFR TKI only induced
responses in 2.84% of patients, and disease control in
42.05%. Nonetheless, survival was increased by about 30%
in the patients treated with apatinib, with a mean overall
survival of 6.5 months compared to 4.7 months (25). The
well-known class toxicities of anti-VEGF therapies were
noted with both agents, most notably grade 3—4 hand foot
syndrome in 8.5% of patients with apatinib, as well as severe
hypertension in 4.5% of patient and proteinuria in 2.3%,
while the most common severe toxicities with ramucirumab
were grade 3 hypertension in 8% of patients, and fatigue and
abdominal pain in 6% each (23-25).

MET

The MET pathway, which is involved in cell proliferation,
invasion and survival, has been suggested to be an important
in the development and potentially the treatment of gastric
cancer. The mechanism by which this pathway promotes
carcinogenesis and survival is unclear, whether it is an
oncogenic driver, as measured by MET amplification, or
protein expression or overexpression, potentially measuring
an escape mechanism for resistance to the EGFR pathway,
or chemosensitization (26). Initial reports suggested
that high protein expression or amplification each had
prognostic import. After much evaluation and conflicting
results from retrospective study and case series, results from
clinical trials suggest that MET amplification appears to be
the most likely biomarker to attempt to select for patients
whose disease is most likely to be sensitive to therapy
targeting MET, at least with initial chemotherapy (27).
Randomized clinical trials evaluating monoclonal
antibodies targeting MET in patient populations that were
selected as being MET positive by immunohistochemistry
failed to demonstrate an improvement in outcomes in
combination with fluoropyrimidine/platinum chemotherapy
in the first line setting. In part, this reflects an evolving
understanding of the biology of gastroesophageal
cancers. Rilotumumab is a monoclonal antibody that
binds to hepatocyte growth factor, the ligand for MET.
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In a randomized phase II study, epirubicin, cisplatin and
capecitabine (ECX) at the doses evaluated in the REAL2
study was combined with rilotumumab at 7.5 mg/kg,
15 mg/kg or placebo in the first line setting in 121 unselected
patients (39-42 patients per arm) with gastroesophageal
junction and gastric adenocarcinoma. There was an
improvement in response, progression free survival and
overall survival with the 7.5 mg/kg of rilotumumab with
ECX, but not the 15 mg/kg dose, compared to placebo. The
investigators then evaluated outcomes in the MET positive
population, as indicated by 25% membrane staining by
IHC, which was not a stratification factor and is therefore
subject to possible imbalances. They reported that in
the ECX with rilotumumab (both dose levels combined)
compared to placebo, the response rate (50% compared
to 12%) and median survival (10.6 months compared to
5.7 months) (28). Based on these results, a phase III study
was undertaken in patients with gastroesophageal junction
and gastric cancer, whose tumors were MET positive by
IHC, evaluating ECX with rilotumumab 15 mg/kg or
placebo. Unfortunately, even in this population, which was
thought to be enriched for responders based on the phase
IT study, there was no improvement, and indeed there
appeared to be a poorer survival in the patients receiving
rilotumumab, with median survival of 9.6 months with
rilotumumab compared to 11.5 months with placebo, and
12 months overall survival of 38.4% compared to 49.7%.
While there was no difference in median progression free
survival, the overall survival curves also demonstrated
an inferior survival with the addition of rilotumumab,
and similarly, the overall response rate was inferior with
rilotumumab (30% compared to 39.2%) (29).

Similarly, Shah ez a/. reported a randomized phase II study
in of oxaliplatin, 5-fluorouracil and leucovorin on a FOLFOX
schedule, with or without onartuzumab, a humanized anti-
MET antibody, in the first line setting. One hundred and
twenty three patients with gastroesophageal adenocarcinoma
were enrolled regardless of MET status, but with a planned
analysis of the MET positive subgroup, as identified by
IHC. They, too, failed to identify any benefit with the
addition of onartuzumab, though there was no significant
negative difference in the primary endpoint of progression
free survival in the MET positive group (5.95 months with
the addition of onartuzumab, compared to 6.8 months with
placebo) (30).

Meanwhile, several small studies have suggested that MET
amplification may be the most appropriate too with which to
select patients with gastroesophageal cancer for anti-MET
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therapy. MET amplification has been identified in 2-9% of
patients. In an evaluation of patients who were treated at the
Massachusetts General Hospital and Dana Farber Cancer
Institute, of four patients with MET amplification who were
treated with crizotinib, one patient had a partial response, and
another had stable disease (31). More provocatively, Kwak
et al. reported the results of a phase I study of AMG337, an
oral tyrosine kinase inhibitor of MET. Of the 13 patients
with MET amplified gastreoesopheal cancers, there was
one complete response and six partial responses, producing
an overall response rate of 62% (32). Kang et 4l. have also
reported anticancer activity with the anti-c-MET antibody
ABT?700, with three partial responses in four patients with
MET amplifications (33).

Checkpoint inhibitors

Immunotherapy as cancer therapy has been studied,
initially with immune effectors such as interferon and
interleukin with limited success in most malignancies, for
decades. Over the past decade, a greater understanding of
the interaction between cancer and the immune system
has emerged. In particular, cancers may suppress the
immune system by overstimulating and thereby exhausting
regulatory cells, so called immune checkpoints, via
receptors such as programmed death (PD)-1 and cytotoxic
T lymphocyte antigen (CTLA)-4. Therefore, promising
therapeutic approaches in solid tumors have been inhibitors
of these pathways, for example with inhibitors of PD-1,
its ligand PD-L-1, or CTLA-4. The anticancer activity of
this approach has been validated in melanoma and renal
cell carcinoma, as well as tumors traditionally considered
immune resistant, such as non-small cell lung cancer.
Tremelimumab, a monoclonal antibody inhibiting
CTLA-4, has been studied in a phase II clinical trial in
gastroesophageal adenocarcinoma. While the study did not
meet its primary endpoint with regards to objective response,
one of the 18 patients enrolled on the study did have a long-
standing (more than 32 months, and ongoing at the time of
report) partial response. As is often seen in immunotherapy,
this response did not develop until nearly 2 years of therapy.
Three other patients had stable disease, and the median time
to progression was 2.83 months, and the median survival was
4.83 months, but the 12 months survival was 33 %, suggesting
the promise of this type of approach. However, single agent
therapy with anti-CTLA-4 therapy has been surpassed
by combination therapies with agents targeting the PD-1
pathway, which has been suggested to be superior in some
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patients with melanoma (34).

Preclinical and translational studies suggest that PD-1
may be an important and promising therapy in gastric
cancers, as gastric cancers and infiltrating T cells have higher
levels of PD-1 and PD-L1 than adjacent non-tumorous
gastric tissue, and the peripheral blood (35). This buttresses
the hypothesis that tumor expression of PD-L-1 may
result in the recruitment of T cells, and their subsequent
persistent activation and exhaustion, perhaps contributing to
carcinogenesis and progression. Therefore, EGCa have also
been the subject of evaluation with PD-1 inhibitors.

Muro ez al. reported that in the gastric cancer cohort of
patients in KEYNOTE 012, a study of pembrolizumab,
22% of 39 patients had an objective response. The 6-month
progression free survival was 24%, and the 6-month
overall survival was 69%. Correlative studies demonstrated
that 40% of patients had at least 1% PD-L1 expression
by immunohistochemistry, and that this expression was
correlated with prolonged survival. In possible contrast to the
experiences with the EGFR inhibitors, immune checkpoint
inhibitors appeared to have similar activity in esophageal
squamous cell carcinomas (36). In the KEYNOTE 028 study,
Doi et al. reported an objective response rate of 30% in
23 patients treated with 10 mg/kg of pembrolizumab
every 2 weeks (37). Similarly, Kojima responses in 17% of
65 patients who were treated with nivolumab 3 mg/kg IV
every 2 weeks. As a result of these studies, randomized phase
III study of nivolumab and pembolizumab are planned in
esophageal and gastric cancers, respectively (38).

Ataxia telangiectasia mutated (ATM)

One proposed mechanism of action for immunotherapy
and PD-1 inhibitors in particular is that more frequent
mutations, perhaps because of deficiencies in mismatch
repair genes, for example, resulting in the generation of
more neoantigens, thereby further stimulating the immune
system (39). On the other hand, those and other etiologies
of impaired mutational repair may also be a potential target
for therapeutic intervention via synthetic lethality (40).
This has been demonstrated in ovarian and breast cancer
with poly ADP ribose polymerase (PARP) inhibitors such
as olaparib demonstrating single agent activity in patients
with BRCA1 and two mutations (41,42). ATM has been
suggested to be a potential target for PARP inhibitors, and
low ATM expression has been identified in about 20% of
patients. Therefore, Kang et /. performed a randomized
phase II study of paclitaxel with or without olaparib,
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with stratification by patients’ tumor ATM expression by
immunohistochemistry. While there was no clear difference
in outcomes between the two treatment arms in the primary
endpoint, progression free survival or objective response
rate, there was a significant difference in overall survival,
favoring paclitaxel/olaparib, both in the overall population
(HR =0.56), and in particular in the low ATM population (HR
=0.35). This has led to the development of a phase III study
in patients with low ATM expression gastric cancers (43).

Fibroblast growth factor receptor (FGFR)

The FGFR has been suggested to be an important
potential prognostic factor, and therapeutic target in gastric
cancers. After expression of FGFR was initially evaluated,
amplification of FGFR2 has been suggested to be associated
with a poor prognosis (44,45). Studies have demonstrated
amplification in 4-9% of gastroesophageal cancers.
Preclinical studies suggest that AZD4547, an inhibitor of
FGFR 1, 2 and 3 had activity in cell lines (46). AZD4547
was then evaluated in patients. Smyth er 4/. reported that
they identified FGFR2 amplification in 9% of patients
with gastroesophageal cancer, and of the nine patients who
were treated with AZD4547 in the phase II study, three had
objective responses, a promising finding (47).

Conclusions

Contrary to the initial experiences with targeted therapy in
colorectal cancer, aside from trastuzumab, the development
of targeted therapies in gastroesophageal cancers was
faced with significant initial failures with the initial studies
of EGFR and VEGF inhibitors. These setbacks further
highlight the limitations of extrapolating approaches
targeting one malignancy to another, based on histology
alone. However, over the past several years, therapies
inhibiting the VEGF pathway have demonstrated a survival
benefit in the treatment of patients with gastric and
gastroesophageal junction adenocarcinomas, with or without
chemotherapy, compared to placebo. Moreover, advances
in genomic testing have suggested that subpopulations of
patients may benefit of promising therapy with MET and
FGEFR inhibitors. Immunotherapy is another promising
approach in the treatment of gastroesophageal cancers, but
interestingly and contrary to other novel and promising
therapies, it remains unclear if biomarkers will help identify
the optimal population for these potentially expensive
treatments.
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