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Abstract

Gastric and oesophageal cancers are a major cause of global cancer-related morbidity and mortality. Improvements in treatment for locoregional and metastatic
gastric and oesophageal cancer have been incremental and the overall prognosis remains poor. Increasingly, molecular classification has identified recurrent,
therapeutically relevant, somatic alterations in gastroesophageal malignancies. However, other than ERBB2 amplification, molecularly directed therapies have
not translated to improved survival. Amplification of the receptor tyrosine kinase MET is found in about 5% of gastroesophageal cancers and represents an
oncogenic driver and therapeutic target. Small series have shown activity of MET-directed tyrosine kinase inhibitors, but the clinical benefit of anti-MET an-
tibodies has been disappointing. Here we discuss the MET pathway in gastroesophageal cancers, the clinical data for MET small molecule tyrosine kinase
inhibitors, anti-MET antibodies and future clinical directions for targeting MET in gastric and oesophageal cancers. To our knowledge, this is the most
comprehensive review of the clinical experience with MET-directed therapies in gastric and oesophageal cancers.
� 2016 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Statement of Search Strategies Used and
Sources of Information

We searched PubMed (http://www.ncbi.nlm.nih.gov/
pubmed) with key words ‘Met’, ‘gastric’ and ‘esophageal’
and prioritised information from core clinical journals.
Subsequent searches using individual compound names
were carried out to identify additional results. Clinical trial
information was abstracted from ClinicalTrials.gov using
the same search terms. Additional results were obtained
from searching proceedings from the American Society of
Clinical Oncology (ASCO) and American Association for
Cancer Research (AACR). Genomic frequency data were
obtained from The Cancer Genome Atlas using the MSKCC
cbio portal (http://www.cbioportal.org/) and the Catalog of

Somatic Mutations in Cancer (COSMIC) (http://cancer.
sanger.ac.uk/cosmic) databases.

Introduction

Gastric cancer is the fourth most common cancer in
men, the seventh in women and the third leading cause of
global cancer-related death [1]. Within the USA, 24 590
new cases of gastric cancer and an estimated 10 720 deaths
were projected in 2015. Oesophageal cancers represent a
significant global cancer burden, accounting for 400 200
deaths in 2012. Although the US incidence of gastric and
oesophageal cancer has fallen 1e1.5% per year over the last
decade, death rates have not been affected [2]. Surgical
resection, chemotherapy and chemoradiation are the
mainstays of management for locoregional gastric and
oesophageal cancer, whereas combination chemotherapy
is the approach towards advanced disease. Improvements
in standard of care therapies, including the incorporation
of the anti-ErBB2 antibody, trastuzumab, led to marginal
improvements, with a median overall survival of 10e12
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months in advanced disease [3]. The improved overall
survival in the phase III Trastuzumab for Gastric Cancer
(ToGA) trial highlighted the potential of molecularly
directed therapy [4]. Other actionable genomic alterations,
such as ROS1 rearrangements, BRAF-fusions and ERBB2
mutations, have been identified, and The Cancer Genome
Atlas recently confirmed a 6% frequency of alterations in
the receptor tyrosine kinase c-MET [5]. Despite the
recognition and pre-clinical validation of MET as an onco-
genic driver and therapeutic target across multiple cancer
types, translation to improved patient outcomes in gastric
and oesophageal cancer has lagged (Figure 1). Here we
discuss the role and therapeutic implications of MET-
directed therapies in gastric and oesophageal cancer
highlighting the clinical experience to date. To our
knowledge, this is the most comprehensive review of the
clinical experience of MET-directed therapies in gastric and
oesophageal cancer to date.

Canonical MET Signalling

The receptor tyrosine kinase MET belongs to the receptor
tyrosine kinase class VI known as hepatocyte growth factor
(HGF) receptor family, structurally composed of an extra-
cellular Sema, PSI and IPT domains, a transmembrane
domain, the intracellular juxtamembrane and tyrosine ki-
nase domains [6]. Extracellular binding of the ligand HGF
results in receptor phosphorylation at tyrosine residues
1349 and 1356 within the C-terminal cytoplasmic region,
activating downstream intracellular signalling pathways,
such as PI3K-AKT, Src, Ras-MAPK, Cdc42/Rac, Grb2, STAT3,
Gab1, PLC-ɣ and Shp2 (Figure 2) [6,7]. Recruitment of the
adaptor protein Gab1 is most crucial for HGF/MET pathway
activation [8,9]. The MET/HGF signalling pathway is nega-
tively regulated via ubiquination of Met by Cbl, a ubiquitin

that binds to the phosphorylated tyrosine Y1003 located
within exon 14, resulting in degradation of MET [10,11].

In physiological conditions, the MET/HGF pathway plays
a key role in hepatocyte and placental formation, limb
muscle and nervous system formation, as well as tissue
regeneration, protection and homeostasis in various tissues
and cells, including hepatocytes, keratinocytes, podocytes,
pancreatic b-cells and more [6,12e15]. Pathological MET
activation promotes survival, invasion and metastasis [16].
Additionally, HGF is an important mediator in the
tumourestromal interaction andmediates innate resistance
to RAF inhibitors [17,18]. Finally, the MET/HGF pathway
plays a key role in cancer stem cells by regulation of self-
renewal and epithelialemesenchymal transition [19,20].

OverexpressionofMET leads to constitutivedownstream
activation and increased sensitivity to sub-threshold levels
of HGF across multiple tumour types [21]. Amplification of
MET on chromosome 7q31 has been described in many
cancer types, including gastroesophageal, colorectal carci-
noma, endometrial carcinoma, medulloblastoma, non-
small cell lung cancer (NSCLC) and glioma (Figure 1)
[22e28]. MET interacts with other key oncogenic signalling
pathways, including human epidermal growth factor re-
ceptor 2 (HER2) superfamily members, epidermal growth
factor receptor (EGFR) and HER3. Transforming growth
factor-a (TGFa),HER3-mediatedactivationofMETsignalling
and ligand-independent MET phosphorylation and activa-
tionviaEGFRhavebeenshown(Figure2B) [29e31]. Somatic
splice site alteration leading to exon 14 skipping results in
MET protein stability through decreased ubiquination and
degradation resulting in prolonged stimulation and has
been shown inmultiple tumour types [32].METmutation in
the intracellular kinase domain has been identified in tu-
mours, although the therapeutic relevance is not known
[33]. Finally,missensemutations ofMEThave been found in
germline of families with a history of hereditary papillary
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Fig 1. MET is altered across multiple tumour types with amplification being the most common genomic aberration. NSCLC, non-small cell lung
cancer; HCC, hepatocellular carcinoma; adeno, adenocarcinoma. Data from The Cancer Genome Atlas, accessed June 2015.
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