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Abstract

Cancer treatments are rapidly changing. Curative treat-
ment for oesophageal adenocarcinoma currently in-
volves surgery and cytotoxic chemotherapy or chemo-
radiotherapy. Outcomes for both regimes are gener-
ally poor as a result of tumor recurrence. We have
reviewed the key signalling pathways associated with
oesophageal adenocarcinomas and discussed the re-
cent trials of novel agents that attempt to target these
pathways. There are many trials underway with the
aim of improving survival in oesophageal cancer. Cur-
rently, phase 2 and 3 trials are focused on MAP kinase
inhibition, either through inhibition of growth factor re-
ceptors or signal transducer proteins. In order to avoid
tumor resistance, it appears to be clear that targeted
therapy will be needed to combat the multiple signal-
ling pathways that are in operation in oesophageal
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adenocarcinomas. This may be achievable in the future
with the advent of gene signatures and a combinato-
rial approach.
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INTRODUCTION

Oesophageal adenocarcinoma is the 10th commonest ma-
lignancy in the UK yet it is the 5th commonest cause of
cancer death". This poor prognosis is partly attributable
to a disease afflicting an elderly population. All too often
the disease presents with symptoms of dysphagia which
usually heralds advanced disease, typically with lymph
node or distant metastases”. The 5 year survival, despite
recent advances in neo-adjuvant chemotherapy, radiother-
apy and surgery is approximately 25%. The incidence has
been steadily increasing over the past 30 yearsl}ij; this is
thought to be due to the trend of an aging and increasing-
ly obese population in combination with Helicobacter pylori
eradication*". Barrett’s oesophagus has been established
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as a clear risk factor for oesophageal adenocarcinoma.

It has been demonstrated that surveillance of patients
with Barrett’s oesophagus can identify early stage adeno-
carcinomas™". If diagnosed at an early stage, with the
disease confined to the submucosa, 5 year survival rates
are as high as 90%""", Unfortunately current strategies
for surveillance of Barrett’s oesophagus are insufficient
to reduce the incidence of oesophageal adenocarcinoma
and most cases are diagnosed in patients that are not on
Barrett’s surveillance prograrnsm. This may be accounted
for by the fact that a significant proportion of patients
with Barrett’s oesophagus are asymptomatic. Currently, it
is not economically viable to screen the whole population
for Barrett’s oesophagusm]. Until this is addressed, there
does not seem to be a solution to providing an eatly di-
agnosis of oesophageal adenocarcinoma for the majority
of patients. This indicates the importance of developing
improved treatments for advanced disease.

CURRENT MEDICAL TREATMENTS

The medical therapies in mainstream use for the treatment
of oesophageal and junctional adenocarcinomas are cyto-
toxic and antimetabolite agents. They target rapidly divid-
ing cells in an non cancer cell specific manner'”. 5-Fluo-
rouracil (5-FU) inhibits DNA synthesis through inhibition
of thymidylate synthetase' . The platinum agents cisplatin
and oxaliplatin form DNA adducts and cross-links which
prevents DNA transcription and replication”. The an-
thracyclines epirubicin and doxorubicin induce DNA
damage and inhibit DNA transcription through inhibition
of topoisomerase II and DNA helicase activity’. The
cytotoxic action of taxanes are predominantly due to dis-
ruption of microtubules!”.

Cytotoxic chemotherapy is generally not very effective
and side effects are common. The agents are usually con-
traindicated in severe cardiac and liver disease, a common
occurrence in the affected eldetly population. Recent ad-
vances have been made with the route of administration. A
tablet form is now available, capecitabine, which is an effec-
tive alternative to infusing 5-FU. This reduces the morbid-
ity associated with central venous cathetetisation. Further-
more, oxaliplatin appears to be less toxic and more potent
than cisplatin, and it can be infused over a shorter period
of time"™®". Approximately 30% of patients with oesoph-
ageal adenocarcinoma are offered palliative chemotherapy
and radiotherapy“’Z()J. Prognosis is only 6-11 mo”"*
with a 5 year survival of 4%, Surgery is beneficial in pa-
tients that present with disease localised to the oesophagus
or with localised lymph node metastases. Neo-adjuvant
chemotherapy modestly improves survival compared to
surgery alone; 5 year survival is 23% compared to 36%
with neo-adjuvant chemotherapym. On subgroup analysis,
patients with tumors at the gastro-oesophageal junction
seemed to benefit the most and this regimen is offered
in the UK™. In the USA, the protocol of neo-adjuvant
chemo-radiotherapy is favoured”. 5 year survival is
8%-20% in selected patients. Curative chemo-radiation is
an alternative strategy to surgery and prognosis is similar”.

>
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This may be due to the avoidance of postoperative moz-
tality and morbidity. Whatever regimen is used, the poor
prognosis for oesophageal adenocarcinoma is largely a
result of disease recurrence and the morbidity surround-
ing major surgerylzj. Treatment failure is thought to be a
consequence of the blanket therapy approach due to the
nature of the non-specific or non-targeted mechanism of
action of the medical agents described eatlier. Recent evi-
dence suggests that standard chemotherapy and radiother-
apy activate signalling pathways that stimulate growth and
resistance of cancer cells”. Prognosis may improve with
agents that specifically target mitogenic signalling pathways
and intense research is currently underway.

The aim of this review is to explore the key signalling
pathways that are associated with oesophageal adenocar-
cinoma and review the clinical trials of novel therapeutic
agents that are in progress. We will draw parallels from
breast and colon cancer. We will address the question: by
targeting key signalling pathways is personalised medi-
cine a reality in oesophageal adenocarcinoma?

DEFINING SIGNALLING PATHWAYS

Signalling pathways are essential components in all cells;
they are important to stimulate cell growth, proliferation,
differentiation, invasion and apoptosis. Certain pathways
are specifically important in embryonic development, in-
flammation and carcinogenesis. Signalling pathways have
common mechanisms of action. They convey extra-cellu-
lar stimuli, usually 2z cell surface receptors, onto a chain
of signal transducer proteins which subsequently enter
the nucleus. In the nucleus the signalling proteins activate
transcriptional machinery on gene promoters. Gene ex-
pression and cell phenotype ate altered. In the context of
cancer cells, phenotypic change may include cell growth,
cell division, increased cell motility, evasion of apoptosis
and sustained angiogenesis. These changes constitute the
hallmarks of cancer””. Signalling pathways in cancer cells
are usually unregulated and resistant to feedback inhibi-
tion, and this usually occurs as a consequence of sustained
activation from their components. The components are
commonly known as oncogenes or tumor suppressor
genes[zg]. Oncogenes and tumor suppressor genes are usu-
ally expressed as a result of genetic mutations. In oesopha-
geal cancer, mutations occur as a consequence of DNA
damage from bile or acid reflux, nitric oxide, alcohol and
cigarette smoking, Mutations usually involve chromosomal
translocations of oncogenes or tumor suppressor genes
onto housekeeping genes or other genes undergoing active
transcription[z‘)’w]. This culminates in persistent activation
or inhibition of specific signalling pathways. Components
of signalling pathways can be potentially inhibited at a va-
riety of levels. Inhibitors can target the cell sutface recep-
tor, signal transducer proteins or even transcription factors.
Unfortunately multiple pathways and receptors are as-
sociated with oesophageal cancer and the complexity that
exists between different pathways is likened to a computer
circuit (Figure 1). Blockade of one pathway or component
may not be sufficient.
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Figure 1 Signalling pathways in oesophageal adenocarcinoma. The pathways known to be operative in oesophageal adenocarcinoma are A: PI3-Kinase, B: Mitogen ac-
tivated protein (MAP) Kinase, C: Wnt signalling and D: Nuclear factor-kB (NF-«B). The green arrows indicate activation, the red arrows indicate inhibition. Vascular epidermal
growth factor (VEGF), human epidermal growth factor receptor 2 (HER2), epidermal growth factor receptor 1 (EGFR), insulin growth factor receptor (IGFR), hepatocyte growth
factor receptor (MET), platelet derived growth factor receptor (PDGFR) and fibroblast growth factor receptor (FGFR) are the known receptor tyrosine kinase (RTK) associated
with oesophageal adenocarcinomas. The pathways are complex and inter-connected. For example RTKs can activate all 4 known pathways. The ultimate biological response
varies from cell proliferation, development, apoptosis, differentiation, inflammatory response, angiogenesis and invasion depending on which specific pathway or receptor is
activated. A: PI3-Kinase pathway. RTK activates PI3-Kinase directly or through RAS. As a consequence of phosphorylation, PI3K recruits AKT. AKT inhibits tuberin, this allows
activation of the Raptor/mTOR complex to activate transcriptional machinery. mTOR/raptor activates transcription factors and co-activator proteins cMyc and hypoxia inducible
factor (HIF)-1 that drive the biological response of growth, proliferation, glycolysis, angiogenesis and invasion; B: MAP Kinase pathways. The 3 main MAP Kinase pathways are
extracellular related kinase (ERK), p38 and JUN kinase (JNK). They are all activated by similar RTKs. The signalling pathways have a common feature of a cascade of phospho-
proteins. A MAPKK Kinase (e.g. RAF), a MAPK Kinase [e.g. MAP ERK kinase (MEK)1/2] and a MAP Kinase (eg. ERK) transfer the signal onto multiple transcription factors on
gene promoters™". ERK signalling for example can alter the gene expression of over 200 genes™. The subsequent biological response varies from cell proliferation, develop-
ment, apoptosis, differentiation and inflammatory response, depending on the specific pathway activated; C: Wnt signalling. Wnt signalling exerts a biological response through
release of B catenin into the nucleus with subsequent action on gene promoters. (3 catenin is released directly from RTK phosphorylation of Axin. Alternatively Wnt ligands bind
to Frizzled receptors and form a complex with the LRP5/6 membrane receptor. The membrane receptor complex recruits dishevelled and axin from a cytoplasmic complex of
dishevelled, Axin, adenomatous polyposis coli protein (APC) and [3 catenin. This allows release of 3 catenin; D: NF-«B pathway. NF-kB (p65p50) activates gene promoters only
when released from I«B. Interleukin-8 (IL-8), tumour necrosis factor (TNF)o and radiation activate the pathway. Adding to complexity, ERK MAP Kinase and Whnt, through protein
Kinase C, can also potentially activate NF-kB although this link has not been investigated in oesophageal adenocarcinoma.

surface receptors a cascade of phospho-proteins is initiated 2z
GTPase signal transducer proteins. RAS and RAF are exam-
ples of GTPase signal transducer proteins which act as a hub,
receiving signals from many different cell surface receptorspg]
(Figure 1). GTPase signal transducer proteins also amplify

KEY SIGNALLING PATHWAYS IN
OESOPHAGEAL ADENOCARCINOMA

MAP-Kinase and PI3 kinase pathways
MAP-Kinase (MAPK) pathways are the most well described

pathways in carcinogenesis. They are made up of three distinct
pathways: ERK, SAP/JNK and p38"" (Figure 1°"*). The
pathways are normally activated by growth factors, tempera-
ture changes, cytokines and hypoxia #a a variety of cell sur-
face receptors[33]. In oesophageal cancer cells, gastric and bile
acid”* and the cytotoxic agent etoposide™ are known to ac-
tivate MAPK pathways. Cell surface receptors known to acti-
vate MAPK include receptor tyrosine kinase (RTK), G protein
linked receptors and integrinsm. Following activation of cell
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signals onward through multiple signalling pathways (Figure 1).
MAPK pathways are often up-regulated in breast” ", ovari-
an”™” and prostate cancet™™; however the impact on prognosis
of MAPK signalling is sometimes conflictingg ERK MAPK
is active in 60% of ERK MAPK oesophageal adenocarcino-
mas™. Tumors with active ERK MAPK signalling frequently
have metastases and a worse prognosis. This suggests that
blockade of ERK MAPK in oesophageal adenocarcinomas

may have an important therapeutic role.
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The PI3-Kinase (PI3K) pathway is activated by RTKSs
and RAS (Figure 1). Following RAS and/or RTK activa-
tion, AKT is phosphorylated by PI3K. Activation of the
PI3K pathway stimulates cell growth, glycolysis, and pro-
liferation™" mainly through cMyc and hypoxia inducible
factor 1ot (HIF-1qy) stimulation. Components of the PI3K
pathway are up-regulated in oesophageal adenocarcinoma.
The expression of phosphorylated AKT is increased in
oesophageal adenocarcinoma tissue compared to normal
epithelial and Barrett’s tissue™. PI3K pathway mutations
are thought to occur in 6% of oesophageal adenocarci-
nomas'™. Crosstalk exists between the MAPK and PI3K
pathways at the levels of RAS and ERK (Figure 1). This
is likely to play a role in drug resistance seen in therapies
that target signal transducer proteins. Crosstalk indicates
that inhibition of multiple pathways may be needed for
effective anti-cancer therapy.

Mechanisms of sustained MAPK and PI3K activation

RTKs on the cell surface are key activators of MAPK
and PI3K pathways. RTKs can be activated constitutively
by dimerisation, by ligand activation or by receptor over-
expressionm]. Alternatively RAS mutations can render the
GTPase in its active form so that the signal is permanently
switched on, resistant to the activity of cell surface recep-
tors. RAS mutations occur in only 10% of oesophageal
adenocarcinomas. Aberrant expressions of RTK are
frequently associated with oesophageal adenocarcinoma
and there are many different family members (Figure 1).
Receptor over-expression is usually associated with dis-
ease recurrence and a poor prognosis. Human epidermal
growth factor receptor 1 (EGFR) and human epidermal
growth factor receptor 2 (HER2) are over-expressed in
50% of oesophageal adenocarcinomas and positive ex-
pression is associated with a poor prognosis and cytotoxic
drug resistance’ ", High expression of the hepatocyte
growth factor receptor (Met) predicts metastases and
recurrence in resectable oesophageal adenocarcinoma',
Vascular endothelial growth factor receptors (VEGF) are
commonly associated with oesophageal adenocarcinoma,
VEGF is thought to be important in angiogenesis and
correlates with tumor microvessel density, crucial for tu-
mor growth. VEGEF A and C expression indicates a poor
prognosisw)]. The significance of insulin like growth factor
receptors (IGFR) has not been studied in oesophageal
adenocarcinoma®* however low IFGR expression cot-
relates with an improved survival in metastatic gastric
adenocarcinoma. The platelet derived growth factor
receptor (PDGF) has also been shown to be expressed
in oesophageal adenocarcinoma. In oesophageal squa-
mous cell carcinoma, fibroblast growth factor receptors[sm
and tropomyosin-related kinase receptorsm are indica-
tors of tissue invasion and chemo-resistance respectively.
Each member of an RTK family may have up to 20 sub-
typesﬁz] and it has been demonstrated that oesophageal
adenocarcinoma cells often co-express the different sub-
types of RTKs". Therefore a therapy that targets only
one receptor may not be effective. Furthermore cancers
are known to be heterogeneous, made up of a population
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of genetically different cells. Gene expression at the inva-
sive site of a tumor is different from the centre”” and the
gene expression of primary tumors is different to those at
metastatic sites”". The variety of RTKs and downstream
MAPK signalling pathways indicates that complete block-
ade of such a complex and diverse system may be impos-
sible. Growth inhibition is more pronounced in oesopha-
geal adenocarcinoma cells treated with combined inhibi-
tion of the EGFR and IGFR compared to inhibition of
either receptor in isolation™. Furthermore patients with
co-expression of HER-2 and EGFR also have a worse
outcome™. Even if drug inhibition of both IGFR and
EGFR is successful, resistance will prevail if alternative
receptors or signal transducer proteins are active. Tumor
heterogeneity may explain the modest improvement in
response and survival seen with agents directed towards a
solitary receptor, discussed in more detail below.

Targeting the epidermal growth factor receptor 1

Gefitinib and Erlotinib: Gefitinib and Erlotinib are small
molecular inhibitors of tyrosine kinase phosphorylation of
EGFR (Figure 2). Gefitinib therapy has been investigated
in metastatic oesophageal adenocarcinoma”’. Two thirds
of patients had prior standard cytotoxic chemotherapy of
which half had received surgery. Partial response and sta-
ble disease (according to Response Evaluation Criteria of
Solid Tumors) was achieved in 37% and the median sut-
vival was 4.5 mo"". It is difficult to compare small phase
2 clinical trials but results were not significantly different
compared to treatment with combined cytotoxic chemo-
therapy in a similar cohort of patients. Partial response was
12.5% and a median survival of 5 mo was seen in patients
treated with irinotecan with docetaxel™. Partial response
was 29% and median survival was 6.4 mo in patients treat-
ed with irinotecan with 5-FU/ leucovorin®™. To understand
the poor results seen with gefitinib, ERK MAPK and
PI3K pathway activation was determined by immunohisto-
chemistry. Staining for phospho-ERK and phospho-AKT
was assessed before and after treatment in 7 patients. No
differences in staining patterns were seen in tumors treated
with gefitinib, suggesting that the two pathways were not
inhibited by the drug. This result is mirrored in a larger
study of 70 gastric adenocarcinomas treated with gefit-
inib™. This indicates ERK MAPK and PI3K pathway re-
sistance to EGFR blockade. A further study conducted in
43 metastatic adenocarcinomas at the gastro-oesophageal
junction treated with geﬁtinib[(’” also had similar survival
and response rates to the study by Ferry e al”. Trends
for favourable outcome were more likely in tumors with
expression of EGFR, ERK MAPK and PI3K signalling
activation. This was assessed by immunohistochemistry
prior to treatment although assessment was not made
post treatment. The differences in outcome did not meet
statistical significance, but this is likely due to the small
sample size. Of the poor responders, 2 (9%) had k-RAS
mutations. This study indicates the importance of patient
selection with targeted therapy. On the contrary in gastric
and oesophageal adenocarcinomas treated with a similar
EGEFR inhibitor, etlotinib (Figure 2), EGFR expression
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Figure 2 Drug inhibition of signalling pathways. Drugs that target signalling pathways can be divided into two groups. Antibodies [Becazutumab, trastuzumab, cetux-
imab and matuzumab are antibodies that target the receptor tyrosine kinase (RTK), vascular epidermal growth factor receptor (VEGFR), human epidermal growth factor
receptor 2 (HER2) and epidermal growth factor receptor 1 (EGFR) respectively] and small molecular inhibitors (The small molecular inhibitors gefitinib and erlotinib target
EGFR. Temsirolimus specifically inhibits the PI3-kinase pathway at the level of Raptor/mTOR. CI1040 and PD0325901 inhibits ERK MAP kinase pathway at the level of
MEK. Sorafenib is a dual inhibitor of the VEGF receptor and ERK MAP kinase at the level of RAF).

and PI3K signalling activation was not found to influence
drug response[()zj. The difference may be explained by dif-
ferent receptor specificity between gefitinib and erlotinib
or it may indicate the activity of additional RTKSs or other
cell surface receptors

Matuzumab: Matuzumab is 2 humanised monoclonal
antibody that binds with the EGFR (Figure 2). Phase
1 trials have been conducted in metastatic oesophageal
adenocarcinoma treated with conventional therapy with
matuzumab™, EGFR was evident in 80%-100% of tu-
mor specimens; however MAPK activity was not meas-
ured post treatment. This makes it difficult to assess the
efficacy of the medication in the absence of survival
data from this phase 1 study.

Cetuximab: Cetuximab is a monoclonal antibody directed
against the EGFR (Figure 2), utilised in the treatment of
advanced colorectal adenocarcinoma'®. Trials have shown
an improvement in average survival to 9 mo. RAS muta-
tions occur commonly in colon cancer and account for
resistance seen with cetuximab. When taken into account,
colorectal carcinoma patients without k-RAS mutations
have a significantly improved response to cetuximab com-
pared to patient with k-RAS mutations which have survival
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times comparative to that of supportive care alone™. RAS
mutations are less commonly seen in oesophageal adeno-
carcinomas and occur in less than 10% of cases so this is
unlikely to account for the poor response seen with tyro-
sine kinase receptor inhibition'™. Phase 2 clinical trials with
cetuximab in advanced oesophageal adenocarcinoma have
shown modest results similar to that seen with geﬁrjm'bm.

Targeting the epidermal growth factor receptor 2

A Phase II trial has been conducted with trastuzumab, a
monoclonal antibody targeted to targeting the epidermal
growth factor receptor 2 (HER2) (Figure 2). Trastuzumab
was tested in combination with cisplatin, paclitaxel and
radiotherapy in locally advanced oesophageal adenocat-
cinoma'®™. Patients were selected and included those with
HER2 expression on immunohistochemistry. 74% of pa-
tients had positive HER2 expression. Median survival was
24 mo and 50% survived for 2 years. The patient popula-
tion was different to the patients treated with gefitinib and
cetuximab. None of the patients had organ metastases
and distant lymph node metastases were present in only
37%, which makes it difficult to make direct comparisons.

Targeting the vascular epidermal growth factor receptor
Becazutumab is a monoclonal antibody directed against
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the targeting of vascular epidermal growth factor receptor
(VEGFR) (Figure 2). A phase 2 trial in metastatic gastric
adenocarcinomas with 23 oesophageal junctional adeno-
carcinomas showed a response rate of 65% and median
). Most patients were inoperable
and the results were an improvement on standard cytotoxic

therapies. Although VEGER is frequently over-expressed
[49]

survival time of 12.3 mo

in oesophageal adenocarcinomas™ ", an assessment of
VEGER expression was not made prior to treatment. This
may suggest that an improved outcome could be achieved
by selecting tumors with high VEGFR expression.

Taken together, this may indicate that tailored RTK
inhibition has a role in the treatment of selected patients
with oesophageal adenocarcinomas. Initial trials have
yet to make a significant impact and this may be down
to poor patient selection and the use of growth factor
receptor inhibitors in isolation.

Wht signalling

Wt signalling is important in cell growth, motility, angio-
genesis, differentiation and other important phenotypic
characteristics of cancer cells. Wnt ligands activate the
Frizzled cell membrane receptor; Wnt is under feedback
control from Wnt ligand inhibitors. Once activated,
Frizzled forms a complex with another receptor LRP5/6
and recruits Dishevelled and Axin. The complex of
APC, Axin and GSK and B-catenin is disrupted releas-
ing unphosphorylated B-catenin (Figure 1). B-catenin can
then enter the nucleus, and activate genes that stimulate
growth, angiogenesis, invasion and cell cycle progres-
sion (e-Mye, COX2, MMP7 and Cyelin D1). Alternatively
[-catenin can also be released by RTK phosphorylation
of E-cadherin or Axin (Figure 1). Furthermore Wnt li-
gands can also directly activate calmodium kinase II and
protein kinase C in turn releasing intracellular calcium or
increasing JNK. Components of the pathway are altered
in oesophageal adenocarcinoma. APC, Axin and Wnt
ligand inhibitors are silenced by loss of heterozygosity or
DNA methylation and collectively these events increase
[-catenin activity. Although APC mutations are less com-
monly seen than in colorectal cancer, 3-catenin or Wnt
ligands are over-expressed in up to 77% of oesophageal
adenocarcinomas”""". This makes components of this
pathway a potential target for drug inhibition.

Transforming growth factor-33 pathway

Transforming growth factor-§ (TGF-f) is a tumor sup-
pressor gene and a potent inhibitor of cell growth. TGF-§
binds to setine/threonine kinase type 1 and type 2 recep-
tors. Upon binding to receptors, TGF-3 forms a complex
and phosphorylates intracellular signalling mediators called
SMAD2/3. SMAD2/3 dissociates from the receptors and
forms a complex with SMAD4 allowing it to enter the
nucleus and regulate a large number of target genes. One
target is SALAD7 which targets ubiquitin to the membrane
receptor complex resulting in feedback inhibition of the
pathway. Down regulation of SMAD4 has been shown
in the progression of Barrett’s oesophagus to adenocar-
cinoma. TGF-f is anti-proliferative in some oesophageal
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cancer cell lines”. In contrast TGF-f expression has been
demonstrated at the invasive margin of oesophageal ad-
enocarcinomas and promotes cell invasion™. This may be
explained by cross talk between the TGF- pathway with
PI3K, Wnt, PKC and the MAP-Kinase pathways. One
potential mechanism is #zz SMAD?7 inhibition leading to
loss/diminished feedback inhibition of the pathway.

Nuclear factor-iB pathways

Nuclear factor-kB (NF-kB) is a proinflammatory tran-
scription factor. It exists as a heterodimer p50/p65,
situated in the cytoplasm under inhibitory control by
IkB (Figure 1). Numerous activators have been identi-
fied including ERK MAPK signalling, cytokines (IL-8,
TNF-q) and radiation. Specifically for oesophageal ade-
nocarcinoma, bile salts and gastric acid have been shown
to activate NF-xB. Gastrin has been shown to activate
NF-kB through PKC signalling in gastric cancer cells™.
Once activated, NF-kB enters the nucleus and through
chromatin re-modelling it becomes a central regula-
tor of many genes including cell cycle regulators (cyclin
D1, cMye, p53), inhibitors of apoptosis (Be~-2), cytokines
(interlenkins, TNF-o), anglogenic mediators (COX2) and
the growth factor receptor EGFR. Increased NF-kB
expression is seen in Barrett’s oesophagus and adenocar-
cinoma. In oesophageal adenocarcinoma the expression
correlates with chemo-radiation resistance”

Wnt signalling, TGF-3 pathway and NF-kB pathways
all activate important mediators in oesophageal adeno-
carcinoma. However there are no trials investigating the
impact of specific inhibitors of these pathways outside
the laboratory setting. RTK inhibitors have been inves-
tigated in oesophageal adenocarcinoma; however their
role in Wnt signalling inhibition of  catenin has not
been evaluated. The development of agents that inhibit
alternative components of the Wnt, TGF-f§ and NF-xB
signalling pathways are needed to avoid resistance and
improve the modest responses seen with current thera-
pies in clinical trials in oesophageal adenocarcinoma that
focus on RTKs and MAPK.

POTENTIAL FUTURE TREATMENT
TARGETS IN OESOPHAGEAL
ADENOCARCINOMA

ERK MAPK inhibition by targeting MEK

An alternative approach is to target signal transducer pro-
teins which may be downstream of many different RTKs.
Theoretically this may reduce resistance of RTK co-ex-
pression. MEK is a downstream signal transducer protein
of the ERK MAP Kinase pathway (Figure 1). No clinical
trials have explored the role of MEK inhibition in oesoph-
ageal adenocarcinoma but lessons may be learned from
trials in other cancers. Phase 2 clinical trials of the MEK
inhibitor CI1040 (Figure 2) in advanced pancreatic, breast
and non small cell lung cancer failed to make an impact on
tumor progression[76]. Parallels can be drawn from colon
cancer where RAS mutations reduced the efficacy of ce-
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tuximab. Patients treated with MEK inhibition were tested
for ERK MAPK and PI3K signalling activation in archived
samples, sometimes many months preceding treatment.
This did not influence recruitment into the study and pa-
tients were enrolled if ERK or PI3K activation was judged
to be low. Better patient selection may have resulted in a
better response to treatment. ERIKK MAPK signalling activ-
ity was not assessed post treatment which may mean that
the dosage was insufficient. More potent MEK inhibitors,
such as PD0325901, have been evaluated in hepatocellular
carcinomas' . Alternatively the poor responses with MEK
inhibition may be explained by “cross talk” between dif-
ferent signalling pathways (Figure 2). Resistance to MEK
inhibition may be explained by PI3-Kinase activation. The
combination of MEK inhibition and PI3-Kinase inhibi-
tion is superior to treatments in isolation for inhibiting
the growth of breast cancer cells™. This suggest that dual
therapy is needed to combat both pathways.

ERK MAPK inhibition by targeting RAF and VEGF

A combined targeted approach may be beneficial in oe-
sophageal adenocarcinoma. Sorafenib, a multifunctional
kinase inhibitor, which acts on several growth regulatory
pathways including VEGF and RAF (Figure 2), has been
shown to be of benefit in renal cell carcinoma and hepa-
tocellular carcinomas'™". Sorafenib has been shown to
inhibit key signalling pathways in SEG-1 lung adenocarci-
noma cells™”, This method of inhibition of both receptor
and signalling protein such as RAF may prove beneficial
due the diversity of growth factor receptors displayed by
tumors and this approach may have a future role in the
treatment of oesophageal adenocarcinoma.

PI3 kinase by targeting mTOR

No inhibitors of the PI3 kinase have been evaluated in
oesophageal adenocarcinoma. Cell line studies in oesopha-
geal adenocarcinoma have identified that the PI3 kinase
pathway is important for cell growth. Mutations of the P13
kinase pathway occur infrequently in oesophageal adeno-
carcinoma. However, activation of the pathway is known
to occur from RTK, a common occurrence in oesophageal
adenocarcinomas. Indeed in breast cancer, the PI3 kinase
pathway has been proposed as a mechanism of drug re-
sistance to MEK inhibition™. Inhibition of the PI3 kinase
pathway has been used with success in metastatic renal cell
carcinoma. Analogues of rapamycin have been developed
to target mTOR (Figure 2). The agent temsirolimus has
been evaluated in stage 3 clinical trials™®" (Figure 2). In this
trial, 626 patients were divided into 3 groups; temsirolimus
alone, interferon alone, and interferon in combination
with temsirolimus. Overall survival was 10.9, 7.3 and 8.4 mo
respectively in favour of temsirolimus. In view of this, a
strategy of mTOR inhibition may have a future role in
oesophageal adenocarcinoma.

Targeting transcription factors
Targeting an activated transcription factor or central
regulator such as NF-kB would theoretically reduce the
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chance of the development of drug resistance from the
activity of multiple surface receptors and multiple signal-
ling pathways. This is not without problems. Firstly tran-
scription factors are difficult to target. Interference RNA
technology involves the insertion of an oligonucleotide
into the nucleus of a cancer cell, usually using a viral vec-
tor. Oligonucleotides can be manufactured to comple-
ment the sequence and therefore dimerize with any RNA
of interest such as NF-kB. This allows the targeting of
transcription factor RNA with the prevention of protein
translation. Interference RNA technology may be the
answer to transcription factor inhibition but the technol-
ogy remains in its infancy. The major hurdle appears to
be the development of an efficient delivery system of
oligonucleotides into cancer cells. Phase 1 trials are cur-
rently underway targeting VEGF in macular degenera-
tion using direct ocular injection™™!. If this technology
1s developed in oesophageal cancer then gene expression
profiling of tumors would be required to ensure that
specific targeted therapy is delivered. The identification
of more central regulators of carcinogenesis, such as
HIF-1a and PEA3/ETV4 transctiption factors, is likely
to increase treatment options. The advent of gene ex-
pression profiling will certainly increase the number of
potential targets.

CONCLUSION

An international effort is underway with the aim of im-
proving survival in oesophageal adenocarcinoma by
targeting key signalling pathways. Clinical trials using
receptor tyrosine kinase inhibitors in oesophageal ad-
enocarcinomas have so far only recruited patients with
advanced or metastatic cancer. Studies utilised agents
that inhibit solitary receptor tyrosine kinase, sometimes
in an unselected manner. This strategy is problematic. At
an advanced stage the heterogeneity within the tumor is
extensive, which increases the likelihood of alternative sig-
nalling pathways resistant to receptor blockade. Secondly
the pathway or receptor of interest may not be active or
expressed, culminating in ineffective treatment. Tumor
growth is immensely complex and this is emphasised in
a study of 75 oesophageal adenocarcinoma specimens.
Micro array studies identified 4 genes important in disease
progression[sﬂ. The genes independently predicted prog-
nosis independent from traditional radiological methods.
Unfortunately a further 115 genes were also indicators
of survival. It is not clear what role the genes play in cat-
cinogenesis; however this study indicates the complexity
and diversity of the factors implicated in oesophageal ad-
enocarcinoma development. Taken together, this suggests
that a tailored combinatorial approach for treatment that
inhibits multiple genes may be useful; therapies targeting
either receptors, hub signalling proteins or even transcrip-
tion factors, is likely to be necessary to deliver effective
responses. By tailoring therapy to tumors that express
specific gene and protein signatures and prescribing a
regimen of treatments that act in fundamentally different
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mechanisms, then further improvements in survival are
likely to be possible in oesophageal adenocarcinoma.
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