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Abstract

Squamous cell carcinoma, one of the two major sub-
types of esophageal carcinomas, constitutes the great
majority of tumors in the upper and middle third of the
organ. Declining in incidence in western countries, it
continues to be a significant public health problem in the
far east. Targeted treatments are novel therapies intro-
duced in the clinical therapeutic armamentarium of on-
cology in the last 10-15 years. They represent a rational
way of treating various cancers based on their molecular
lesions. Although no such agent has been approved so
far for the treatment of esophageal squamous cell car-
cinomas (ESCC), several are in clinical trials and several
others have displayed pre-clinical activity that would
justify the efforts and risks of pursuing their clinical de-
velopment in this disease. This paper discusses some of
these targeted agents in more advanced development in
metastatic ESCC, as well as some promising drugs with
pre-clinical or initial clinical data in the disease.

© 2013 Baishideng. All rights reserved.

Key words: Esophageal carcinoma; Squamous; Targeted
therapies; Clinical trials; Epidermal growth factor recep-
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tor; Vascular endothelial growth factor receptor; Mam-
malian target of rapamycin

Core tip: This paper discusses some of these targeted
agents in more advanced development in metastatic
esophageal squamous cell carcinomas, as well as some
promising drugs with pre-clinical or initial clinical data
in the disease.

Digklia A, Voutsadakis IA. Targeted treatments for metastatic
esophageal squamous cell cancer. World J Gastrointest Oncol
2013; 5(5): 88-96 Available from: URL: http://www.wjgnet.
com/1948-5204/full/v5/i5/88.htm DOI: http://dx.doi.
org/10.4251/wjgo.v5.15.88

INTRODUCTION

Two major histologic types of esophageal cancers exist
and differ in their epidemiology and risk factors. Esopha-
geal adenocarcinomas arise almost exclusively in the low-
er third of the esophagus and esophagogastric junction,
have an increasing incidence in western populations and
are associated with Barrett’s metaplasia and chronic gas-
tro-esophageal reflux". In contrast, esophageal squamous
cell carcinomas (ESCC) are mostly situated in the upper
two thirds of the organ and are associated with smoking
and alcohol?. Salty foods and nitrosamine compounds
in foods have also been implicatedm. Their incidence
decreases in western countries but remains a significant
public issue in Asian populationsw.

Unfortunately, despite these differences that imply a
distinct pathogenesis, the two types are mostly lumped
together in clinical trials, a fact that would dilute a pos-
sible benefit in only one of the two histologies if the
other histology would not benefit from a given treatment.
Although this may be true even for chemotherapy as evi-
denced in the case of pulmonary adenocarcinomas and

May 15,2013 | Volume 5 | Issue5 |



squamous cell carcinomas where differences in response
to various regimens have been revealed”, it is particularly
important for targeted therapies that would work only if
the intended target is expressed, functional and involved
in the pathogenesis of a carcinoma. A recent change
in the trend of trials in the field of esophageal cancers
necessitated by the development of targeted therapies
adjoins esophageal adenocarcinomas and adenocarci-
nomas of the gastro-esophageal junction with gastric
adenocarcinomas with which they share a common his-
tology and are at times difficult to discern at the margins
of the two organs. For the development of trastuzumab
therapy, adenocarcinomas of the gastro-esophageal junc-
tion have been included in the trials and those of lower
esophagus are often treated with the drug if they display
an increased expression or amplification of human epi-
dermal growth factor receptor 2 (HER-2)/Neu”. With
these facts in perspective, the current paper will discuss
only data concerning targeted therapies in metastatic or
locally advanced inoperable ESCC. For studies that have
included both esophageal histologies, discussion will be
restricted to patients with squamous histology. When
there are significant data available specifically for ESCC
on expression of a possible tumor target and preclinical
anti-tumor activity of a corresponding therapy, they will
be mentioned, as they might represent an opportunity for
future clinical development.

ANTI-EPIDERMAL GROWTH FACTOR
RECEPTOR THERAPIES

Immunohistochemical (IHC) studies showed epidermal
growth factor receptor (EGFR) protein over-expression
in 50% of patients with ESCC and gene amplification
was evident in 28% of over-expressors (or 14% of the
total patients in the series)”. Over-expression was sig-
nificantly correlated with the depth of tumor invasion.
Mutations in exons 19 and 21 of EGFR were not identi-
fied in any of the patients examined. Others have found
amplification of EGFR in 15% in a series of 55 patients
with ESCC" and rare EGFR mutations in ESCC speci-
mens and a ESCC cell line™"”. Half of the patients dis-
played high levels of EGFR protein expression measured
by a semi-quantitative IHC-based method. Protein ex-
pression correlated with gene amplification in this and in
another series of 105 ESCC patients'"". In this last series
EGFR amplification or polysomy by fluorescence 7 situ
hybridization (FISH) was seen in 31% of patients'"’

Several studies have examined the efficacy of anti-
EGEFR therapies in ESCC. Two types of agents targeting
the EGFR signaling pathway ate available: the anti-EGFR
monoclonal antibodies cetuximab and panitumumab and
the small molecule tyrosine kinase inhibitors (TKIs) etlo-
tinib and gefitinib.

In metastatic ESCC, a randomized phase Il study
compared cisplatin 100 mg/m?, day 1 and 5-fluorouracil
(5-FU) 1000 mg/m”/d continuous infusion, days 1-5 every
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4 wk with or without cetuximab 250 mg/ m’ weekly (after
a loading dose of 400 mg/m’) in the first line setting”.
A trend towards longer progression-free survival (PEFS)
(5.9 mo »s 3.6 mo) and overall survival (OS) (9.5 mo »s 5.5
mo) was noted in the cetuximab arm. Of interest cetux-
imab did not exacerbate grade 3 or 4 toxicities, except
for rash and diarrhea. A randomized three arm phase 1l
study (CALGB 80403/ECOG 12006) took a reverse ap-
proach and sought to determine what chemotherapy is
best in combination with cetuximab in metastatic esopha-
geal and gastroesophageal junction cancer'”!. Patients
were randomized to epirubicin, cisplatin, 5-FU (ECF) or
5-FU, folinic acid, oxaliplatin (FOLFOX) or itinotecan/
cisplatin. All three arms received concomitant cetuximab.
Only a few (about 10%) of patients had ESCC. Results
have been presented so far in an abstract form for the
adenocarcinoma patients. The two first arms were more
effective and the FOLFOX arm less toxic'”. Conclusions
regarding the clinical utility of adding cetuximab to first
line chemotherapy are awaiting information from ongo-
ing randomized phase IIl trials.

Regarding the role of cetuximab in the 2" line che-
motherapy setting there is a lack of published trials. A phase
I study in the 2™ line setting adding cetuximab to cisplatin
and irinotecan in patients with irinotecan and cisplatin-re-
fractory metastatic esophageal cancer (NCT 00397904) has
completed accrual. This study has included both squamous
and adenocarcinomas and results are awaited.

The other clinically available anti-EGFR monoclonal
antibody, panitumumab is investigated in combination
with chemotherapy in a phase I study (NCT01627379)
of non-resectable advanced or metastatic ESCC. Patients
included have not been treated with chemotherapy previ-
ously (except in the neo-adjuvant setting). All patients
receive cisplatin and 5-FU and are randomized to receive
ot not panitumumab.

A third investigational anti-EGFR antibody, nimo-
tuzumab has been studied in patients with ESCC in the
first line metastatic setting in combination with paclitaxel
and cisplatinm]. Results of 25 patients treated in a phase
II study showed a 63.6% partial response (PR) rate and
31.8% stable disease (SD). The same investigators study
nimotuzumab in the second line setting in combination
with mFOLFIRI chemotherapy (Trial NCT01486992).

Both orally active TKIs gefitinib and etlotinib that are
currently available in clinical practice have been tested in
metastatic ESCC. These TKIs block the ATP binding site
of the EGFR tyrosine kinase molecule. A phase II trial
of gefitinib 500 mg daily in the 2" line treatment of met-
astatic esophageal cancer showed a higher disease control
rate (PR p/us SD) in patients with SCCs compared with
adenocarcinomas (P = 0.013). Patients with high EGFR
expression and lower levels of phosphorylated kinase
adams kara taylor (Akt) had higher disease control rates
(P = 0.002 and 0.009 respectively)!"”. Nine patients with
SCC were among the 36 patients enrolled in this study
and five (55.5%) showed a PR or SD. Five of six patients
tested had a strong expression of EGFR (more than 25%
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of tumor cells stained strongly) by IHC. Among the five
patients with a PR ot SD, all four tested had high EGFR
expression. Another phase II trial of gefitinib in re-
current or metastatic esophageal or gastroesophageal
junction cancer included 58 patients but only 4 among
them had squamous histologym. Authors state that
both histologies derived a clinical benefit but obviously
the small number of ESCC patients precludes any de-
finitive conclusion from this study.

A phase I study (NCT01243398) randomizing pa-
tients with ESCC and adenocarcinoma to gefitinib versus
placebo after one or two lines of chemotherapy is cur-
rently ongoing;

Recently a phase II study of erlotinib monotherapy
in previously treated esophageal cancer was published" .
Similarly to gefitinib, erlotinib shows activity in squamous
cancer. Among the 30 patients included in this study, thir-
teen patients had squamous histology and twelve of them
had some degree of EGFR positivity by IHC (defined as
more than 10% of tumor cells staining for the receptor
tyrosine kinase). Two patients obtained a response which
lasted for 5.5 and 7 mo while seven additional patients
had stable disease for a median of 5 mo. The median
time to disease progression in all squamous histology pa-
tients in the study was 3.3 mo. No correlation of EGFR
status and degree of expression with etlotinib efficacy
could be established possibly due to the small number of
patients.

Opverall, interesting activity with acceptable toxicity
of anti-EGFR agents is seen in these initial studies. More
definitive results from larger trials are expected. Well-
validated biomarkers will certainly help to define sub-sets
of patients that will benefit most.

12 (trying to take advantage of a natural killer cell medi-
ated cytotoxicity) in HER-2 overexpressing carcinomas
has included 4 patients with ESCC*". Two of them had a
partial response lasting for 25 and 43 wk.

DUAL ANTI-EGFR AND ANTI-HER-2
THERAPIES

Given that a percentage of ESCC overexpress both
EGFR and HER-2", there is a rational for use of drugs
that inhibit both receptors. Lapatinib is a small TKI that
inhibits both EGFR and HER-2. A phase II study of
lapatinib in recurrent or metastatic ESCC has been initi-
ated (NCT00239200) but has been terminated and there
are no published data regarding the outcomes. Another
oral TKI pan-HER inhibitor, PF-00299804 is studied
in a Korean phase II trial in patients with recurrent
and metastatic ESCC (trial NCT01608022). The dual
EGFR and HER-2 inhibitor afatinib has been investi-
gated in a phase [ study in which one of 7 esophageal
cancer patients participating had an unconfirmed partial
responsem. Phase I development is pursued only in
esophago-gastric adenocarcinomas. Based on the ac-
cumulated evidence from other malignancies, it can be
expected that the efficacy of anti-EGFR/anti-HER-2
agents would be restricted to tumors with high expres-
sion or specific mutations of these receptors. Further
development of targeted EGFR/HER-2 drugs should
be focused to these sub-sets of ESCC. Although this
focusing would limit the pool of available patients and
make clinical trials more cumbersome and slow to ac-
crue, it will, on the other hand, increase the probability
of obtaining positive results.

ANTI-HUMAN EPIDERMAL GROWTH
FACTOR RECEPTOR 2 THERAPIES

ANTI-VASCULAR ENDOTHELIAL GROWTH
FACTOR THERAPIES

The benefit of treatment with the humanized anti-HER-2
monoclonal antibody trastuzumab in cases of HER-2
protein over-expressing or gene amplified metastatic
breast and gastric adenocarcinomas is well established®"™.
About 15%-20% of squamous esophageal cancers show
over-expression of HER-2 by IHC and about 1%-20%
show gene amplification by FISH""*. Few studies corre-
lated HER-2 status with clinical outcomes in ESCC***".
These retrospective studies have shown a worse survival
in ESCC when HER-2 is over-expressed. Preclinical data
show that trastuzumab, targeting the extracellular do-
main of the HER-2 protein, has anti-proliferative activ-
ity directly but also through antibody dependent cellular
cytotoxicity in esophageal carcinoma cells™? | providing
a rational for clinical trials in ESCC with HER-2 ovet-
expression/amplification. Nevertheless no such studies
investigating trastuzumab treatment or treatment with the
newer anti-HER-2 agents pertuzumab and trastuzumab
emtansine in ESCC have been conducted so far. A phase
[ study of paclitaxel and trastuzumab with interleukin
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Angiogenesis plays a crucial role in carcinogenesis and
progression of malignancies. Vascular endothelial growth
factor (VEGF) pathway is among the important signal
transducers in this processm]. Several ligands including
VEGF-A, -B, -C and -D initiate signals by binding cell
surface receptor tyrosine kinases VEGF-R1 (also known
as fltl), VEGF-R2 (also known as flk1) and VEGF-R3
(also known as flt4) and triggering down-stream cas-
cades of cell proliferation and survival. VEGF pathway
alterations are involved in pathogenesis of esophageal
cancer™. VEGF-A expression is present in most ESCC
and ranges between 24%-93% in different studies™".
Moreover the over-expression of VEGF isoforms has
been significantly correlated with poorer prognosis of
ESCC™,

Bevacizumab is a monoclonal antibody target-
ing VEGF. It is used clinically in colon, breast, ovarian
and lung adenocarcinomas. Its development in gastric
and gastro-esophageal junction adenocarcinomas has
progressed through phase 1l trials®” but in squamous
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cancers there is a reluctance to pursue development
given safety issues with hemorrhage in squamous non-
small cell lung cancer””. Small molecule TKI of VEGF
receptor (VEGFR) have been studied in early trials that
have included ESCC patients. Pazopanib, a TKI target-
ing VEGFR, platelet-derived growth factor receptor
and c-Kit is already approved for the treatment of clear
cell renal carcinoma. A phase I study combining it
with carboplatin and paclitaxel in patients with various
advanced cancers found the maximal tolerated dose
to be 200 mg dailyml. Among the patients in this trial
there were 4 with esophageal carcinoma (histology not
specified) and two of them had a complete response.
The TKI sunitinib is evaluated in phase I studies as
a single agent or in combination with paclitaxel in pa-
tients with advanced esophagogastric cancer of both
histologies[37’38]. Another anti-VEGF TKI, sorafenib is
studied as monotherapy. Responses so far have been
reported in adenocarcinomas but only 2 patients with
ESCC were included in this preliminary report”. A
fourth anti-VEGFR TKI, vandetanib is in phase 1 de-
velopment in combination with oxaliplatin and docetaxel
in advanced esophageal and gastroesophageal junction
adenocarcinomas and squamous carcinomas (trial num-
ber NCT00732745). It is evident from these data that
the field of anti-VEGF therapy development in esopha-
geal cancer is dominated by adenocarcinoma histology
and few results for ESCC are available. It remains to be
seen if further development, optimally aided by predic-
tive markers, will be pursued in ESCC.

ANTI-MTOR THERAPIES

Mammalian target of rapamycin (mTOR) is an intra-
cellular serine/threonine kinase that plays important roles

in RNA translation, cell proliferation and angiogenesis.
Inhibition of mTOR by everolimus has shown activity
and is used clinically in renal cell carcinoma™’, pancreatic

41 . .
"1 2nd in breast cancer where it

neuroendocrine tumors
has been found to reverse tumor tresistance to hormonal
treatments'™. In ESCC mTOR is reported to be acti-
vated in 25% of cases and co-relates with a lower degree
of differentiation™. Another group found activation
of mTOR in 50% to 70% of ESCC and showed wotse
overall and cancer specific survival in cases with activated
mTOR compared with non-activated cases'™**!. Prolifera-
tion of ESCC cell lines with activated mTOR was inhib-
ited by everolimus 7 vitro and in vivo in mouse xenograft
models™.

Very few clinical data on mTOR inhibitors in ESCC are
available. In a phase I trial of everolimus a single esopha-
geal cancer patient included (histology not reported)
treated with 10 mg/d showed a marked response in
a metastatic supraclavicular lymphadenopathy before
dying of tumor-related hemorrhage[%]. An additional
strategy for mTOR inhibitor development in ESCC
would be their combination with other targeted treat-
ments. As mTOR may be activated by the phosphati-
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dylinositol 3-kinase (PI3K)/Akt pathway down-stream
of receptor tyrosine kinases, a combined inhibition
with inhibitors of these kinases may be advisable.
Combination with direct inhibitors of PI3K could be
an alternative. PI3K inhibitors are in development**,
The hedgehog pathway is also co-operating with the
PI3K/Akt pathwaym] and is activated in a sub-set of
ESCCP™!, Hedgehog signaling is important in foregut
development, a fact that may underline its importance
in carcinogenesis in both squamous and adenocarcino-
mas of the esophagusm. Hedgehog pathway inhibitor
vismodegib is used for the treatment of basal cell cu-
taneous carcinomas'. Preclinical studies have shown
synergy of vismodegib with everolimus in esophageal
adenocarcinomas””. A phase II study of the addition
of vismodegib to FOLFOX chemotherapy in gastro-
esophageal adenocarcinomas is in progressm. Further
development of mTOR inhibitors in ESCC enriched
for activated mTOR with or without other targeted or
chemotherapeutic treatments seems to be warranted.

OTHER TARGETED THERAPIES

Hepatocyte growth factor/scatter factor (HGF) is the
ligand for proto-oncogenic cell surface receptor c-Met.

c-Met transduces proliferative and pro-angiogenic
signals and has been related to prognosis of different
malignanciesm’m. A study in ESCC patients has shown
that the serum level of HGF is higher than controls
and correlates with levels of intetleukin-8 and VEGF,
both important mediators of angiogenesism. HGF was
also an independent prognostic factor for survival. Pa-
tients with higher than the median serum HGF had a
median survival of 34 mo and a 2 year survival of 63%
while those with serum HGF lower than the median
had a median survival of only 15 mo and a 2 year sur-
vival of 37%"". Antibodies blocking this pathway could
be a potential therapeutic strategy in ESCC. The small
molecule kinase inhibitor against anaplastic lymphoma
kinase crizotinib is concomitantly an inhibitor of c-Met
and could be used to target this pathway.

Bryostatin-1 is an agent with antitumor activity via
the inhibition of protein kinase C and has synergistic
activity with chemotherapeutic agents such as pacli-
taxel™. In esophageal cancer a phase II trial of weekly
paclitaxel and bryostatin-1 that included 22 patients
demonstrated a response rate above 25% and up to
40% in the higher doses reached”™. Nevertheless this
trial has included only 2 patients with ESCC and had
to close prematurely because of high rates of toxicities
(myalgia) and two possibly treatment-related deaths.
Bryostatin-1 analogs have been synthesized and could
be alternatively developed if proved to have a better
toxicity proﬁlem.

Bortezomib is a proteasome inhibitor that is used in
the treatment of myeloma and lymphoma. In pre-clinical
studies in ESCC, bortezomib has shown activity by co-
operating with both intrinsic and extrinsic pathways in
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apoptosis induction®*?. A possible role of the drug

in enhancing radiotherapy-induced cell death was sug-
gestediﬁz}, Despite the rational in targeting the proteasome
as an anti-neoplastic treatment, in several solid tumors
bortezomib has shown minimal activity. Thus an alterna-
tive approach with the identification and use of predic-
tive biomarkers could be more effective if bortezomib (or
other newer proteasome inhibitors such as carfilzomib!™”)
were to be developed in ESCC.

The inducible form of the pathway enzyme cy-
clooxygenase (COX)-2 plays a role in the promotion
of ESCC. Studies in preclinical models have shown
that COX-2 inhibition has anti-tumor effects in ESCC
cells®. These effects have been attributed to induction
of apoptosis, inhibition of angiogenesis and suppres-
sion of invasion. In human ESCC, increased COX-2
Sl and more
aggressive tumor characteristics’ . Furthermore,
increased expression of EP2, the receptor for the
COX-2 product prostaglandin PGE2, is associated
with worse survival in patients with localized ESCC*,
Dawson e a/® report a response rate of 54% in a
phase [ /1 study of the COX-2 inhibitor celecoxib in
combination with 5-FU/cisplatin/radiotherapy in 13
patients, with 3 of them having squamous histological

expression correlates with reduced O
[67]

type. This small number precludes any conclusions and
no data are available in the metastatic setting. More-
over there are safety concerns with the coxib class of
COX-2 inhibitors that limits their potential for fur-
ther development. A recent study demonstrates that
celecoxib antagonizes the cytotoxicity of cisplatinm,
further complicating a putative development of coxibs
in ESCC. Other non-steroidal anti-inflammatory drugs
with a better safety record such as aspirin may be pref-
erable, although many of them lack the selectivity of
coxibs for COX-2 and inhibit concomitantly the con-
stitutive form, COX-1.

Other opportunities for targeted treatments clearly
exist based on detected abnormalities in ESCC cells. For
example global histone H3 and H4 hypoacetylation was
detected in tumors from patients with ESCC™", This may
be the result of increased histone deacetylase 1 (HDAC1)
expression in ESCC cells compared with adjacent nos-
mal tissues'?. Inhibition of the expression of HDAC1
by RNAI resulted in enhanced radiosensitivity of ESCC
cells 7z vitro. Histone deacetylase inhibitor vorinostat
inhibited invasion of ESCC cells pretreated with tumor
necrosis factor g, and transforming growth factor f3 in an
in vitro assay' . The combination of vorinostat with the
aforementioned proteasome inhibitor bortezomib further
increased these invasion-inhibiting effects. Despite these
pre-clinical encouraging data, no clinical data in ESCC are
available for the time being regarding HDAC inhibitors.

Natural products contained in berries have been
found to prevent ESCC in Fischer-344 rats treated with
N-nitrosomethyl benzylamine (NMBA)™. This is a model
of ESCC in which rats develop pre-neoplastic lesions
passing from hyperplasia to dysplasia and finally to neo-
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plasia (papillomas). In a clinical trial conducted in China,
treatment with 60 mg daily of freeze-dried strawberries
reversed mild to moderate dysplasia of esophagus'”. Sev-
eral carcinogenesis-involved molecules such as COX-2,
nuclear factor kB and targets of the mTOR pathway have
been modified after this treatment. Whether the treat-
ment could have beneficial effect in established catcino-
mas and what compound or compounds in the extracts
provide the beneficial effect remains to be investigated.

CONCLUSION

No targeted treatment agent has been introduced in the
clinic for the treatment of ESCC until now. This relates
to several factors that impede the clinical development
of new drugs in ESCC. The rarity of these tumors not
only makes the execution of trials with satisfactory num-

bers to extract conclusions more difficult but also oblig-
es investigators to perform trials with both histologies in
the organ or even including gastric cancer patients. As a
result, effective treatments for only one of the histolo-
gies may be missed. The problem of patient recruit-
ment will not be helped in the future as ESCC incidence
(fortunately) decreases in western countries. Thus other
solutions are needed including judicious “use” of the
patient pool at hand. This implies that new agents to
be entered in the clinical development face should have
robust pre-clinical data supporting them and a molecular
rational.

Another factor that may dilute possible positive results
even within the same histology stems from the significant
heterogeneity of cancer. This is probably of even greater
importance for the development of targeted treatments
than for chemotherapy agents. A promising strategy to
overcome the heterogeneity barrier is the identification
of prognostic markers which can help in the selection of
patients. Such identification would lead in trials that will
test a new targeted agent only in patients whose tumors
over-express the target or express a mutated form of it.
In some instances mere over-expression of the target is
not enough or is not even present and demonstration
of lesions in other proteins of the pathway(s) in which
it participates is required for determination of sensitive
sub-groups of a given tumor type. An illustrative ex-
ample is anti-EGFR agents in colorectal cancer which are
more effective in the sub-group of tumors with wild type
Kras protein”. This protein is a down-stream effector
of EGFR and when mutated blunts the activity of anti-
EGER agents because it is active even without receiving
signals from the EGFR up-stream.

Related to the problem of tumor heterogeneity is the
theory of tumor stem or tumor initiating cells. According
to this theory only a generally small sub-set of neoplas-
tic cells has the ability to propagate the tumor, while the
bulk of the tumor derived from the sub-set of stem cells
1s less important because it lacks the capacity to prolifer-
ate indeterminably except if it acquires a stem cell pheno-
type”’. In addition stem cells have been found to be drug
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resistant and possess the ability to undergo epithelial to

mesenchymal transition, a process endowing them with
metastatic potential . Thus a potential strategy for clini-
cal development of targeted agents would be to detet-
mine the expression of their targets in stem cells and the
dependence of those cells to these targets. By targeting
tumor initiating cells one can argue that the anti-tumor
effect would be more pronounced and durable.

REFERENCES

1

10

11

12

Thrift AP, Pandeya N, Whiteman DC. Current status and
future perspectives on the etiology of esophageal adeno-
carcinoma. Front Oncol 2012; 2: 11 [PMID: 22655259 DOI:
10.3389/fonc.2012.00011]

Haas SL, Ye W, Lohr JM. Alcohol consumption and digestive
tract cancer. Curr Opin Clin Nutr Metab Care 2012; 15: 457-467
[PMID: 22797570 DOIL: 10.1097 /MCO.0b013e3283566699]
Ribeiro U, Posner MC, Safatle-Ribeiro AV, Reynolds JC.
Risk factors for squamous cell carcinoma of the oesophagus.
Br ] Surg 1996; 83: 1174-1185 [PMID: 8983603 DOI: 10.1002/
bjs.1800830905]

Mawhinney MR, Glasgow RE. Current treatment options
for the management of esophageal cancer. Cancer Manag Res
2012; 4: 367-377 [PMID: 23152702]

Scagliotti GV, Parikh P, von Pawel ], Biesma B, Vansteen-
kiste J, Manegold C, Serwatowski P, Gatzemeier U,
Digumarti R, Zukin M, Lee JS, Mellemgaard A, Park K, Patil
S, Rolski ], Goksel T, de Marinis F, Simms L, Sugarman KP,
Gandara D. Phase III study comparing cisplatin plus gem-
citabine with cisplatin plus pemetrexed in chemotherapy-
naive patients with advanced-stage non-small-cell lung can-
cer. | Clin Oncol 2008; 26: 3543-3551 [PMID: 18506025 DOI:
10.1200/]JC0O.2007.15.0375]

Bang Y], Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Riischoff J, Kang YK. Trastuzum-
ab 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 controlled trial. Lancet 2010; 376: 687-697
[PMID: 20728210 DOI: 10.1016/50140-6736(10)61121-X]
Hanawa M, Suzuki S, Dobashi Y, Yamane T, Kono K, Eno-
moto N, Ooi A. EGFR protein overexpression and gene am-
plification in squamous cell carcinomas of the esophagus. Int
J Cancer 2006; 118: 1173-1180 [PMID: 16161046 DOI: 10.1002/
ijc.21454]

Sunpaweravong P, Sunpaweravong S, Puttawibul P, Mitar-
nun W, Zeng C, Barén AE, Franklin W, Said S, Varella-Gar-
cia M. Epidermal growth factor receptor and cyclin D1 are
independently amplified and overexpressed in esophageal
squamous cell carcinoma. | Cancer Res Clin Oncol 2005; 131:
111-119 [PMID: 15672286 DOI: 10.1007 / s00432-004-0610-7]
Guo M, Liu S, Lu F. Gefitinib-sensitizing mutations in
esophageal carcinoma. N Engl | Med 2006; 354: 2193-2194
[PMID: 16707764 DOI: 10.1056/ NEJMc052698]

Guo M, Liu S, Herman ]G, Zhuang H, Lu F. Gefitinib-sensi-
tizing mutation in esophageal carcinoma cell line Kyse450.
Cancer Biol Ther 2006; 5: 152-155 [PMID: 16357520 DOI:
10.4161/cbt.5.2.2318]

Yang YL, Xu KL, Zhou Y, Gao X, Chen LR. Correlation of
epidermal growth factor receptor overexpression with in-
creased epidermal growth factor receptor gene copy number
in esophageal squamous cell carcinomas. Chin Med | (Engl)
2012; 125: 450-454 [PMID: 22490401]

Lorenzen S, Schuster T, Porschen R, Al-Batran SE, Hofheinz
R, Thuss-Patience P, Moehler M, Grabowski P, Arnold D,

(4 9

TR
JBaishideng®

WJGO | www.wjgnet.com

93

Digklia A et a/. Targeted treatments for metastatic ESCC

13

14

15

16

17

18

19

20

21

22

23

Greten T, Miiller L, Rothling N, Peschel C, Langer R, Lordick
F. Cetuximab plus cisplatin-5-fluorouracil versus cisplatin-
5-fluorouracil alone in first-line metastatic squamous cell
carcinoma of the esophagus: a randomized phase II study of
the Arbeitsgemeinschaft Internistische Onkologie. Ann Oncol
2009; 20: 1667-1673 [PMID: 19549707 DOI: 10.1093/annonc/
mdp069]

Enzinger PC, Burtness B, Hollis D, Niedzwiecki D, Ilson D,
Benson AB, Mayer R], Goldberg RM. CALGB 80403/ECOG
1206: A randomized phase II study of three standard che-
motherapy regimens (ECF, IC, FOLFOX) plus cetuximab in
metastatic esophageal and GE junction cancer. | Clin Oncol
2010; 28: abstr 4006

Zhang X, Lu M, Gong J, Gao ], Wang X, Zhang X, LiJ, Li Y,
Li J, Zhou ], Lu Z, Shen L. Phase II study of nimotuzumab
combination with paclitaxel and cisplatin as the first-line
treatment in patients with local advanced or metastatic
esophageal squamous cell cancer (ESCC): An interim analy-
sis. | Clin Oncol 2012; 30: abstr 14604

Janmaat ML, Gallegos-Ruiz MI, Rodriguez JA, Meijer GA,
Vervenne WL, Richel DJ, Van Groeningen C, Giaccone G.
Predictive factors for outcome in a phase II study of gefitinib
in second-line treatment of advanced esophageal cancer pa-
tients. | Clin Oncol 2006; 24: 1612-1619 [PMID: 16575012 DOI:
10.1200/]C0O.2005.03.4900]

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. Invest New
Drugs 2012; 30: 1684-1689 [PMID: 21863238 DOI: 10.1007/
s10637-011-9736-z]

Ilson DH, Kelsen D, Shah M, Schwartz G, Levine DA, Boyd J,
Capanu M, Miron B, Klimstra D. A phase 2 trial of erlotinib
in patients with previously treated squamous cell and ad-
enocarcinoma of the esophagus. Cancer 2011; 117: 1409-1414
[PMID: 21425140 DOI: 10.1002/ cner.25602]

Piccart-Gebhart MJ, Procter M, Leyland-Jones B, Goldhirsch
A, Untch M, Smith I, Gianni L, Baselga ], Bell R, Jackisch C,
Cameron D, Dowsett M, Barrios CH, Steger G, Huang CS,
Andersson M, Inbar M, Lichinitser M, Lang I, Nitz U, Iwata
H, Thomssen C, Lohrisch C, Suter TM, Riischoff J, Suto T,
Greatorex V, Ward C, Straehle C, McFadden E, Dolci MS,
Gelber RD. Trastuzumab after adjuvant chemotherapy
in HER2-positive breast cancer. N Engl | Med 2005; 353:
1659-1672 [PMID: 16236737 DOI: 10.1056/ NEJMo0a052306]
Sato-Kuwabara Y, Neves JI, Fregnani JH, Sallum RA, Soares
FA. Evaluation of gene amplification and protein expression
of HER-2/neu in esophageal squamous cell carcinoma using
Fluorescence in situ Hybridization (FISH) and immunohis-
tochemistry. BMC Cancer 2009; 9: 6 [PMID: 19128465 DOI:
10.1186/1471-2407-9-6]

Mimura K, Kono K, Hanawa M, Mitsui F, Sugai H, Miyaga-
wa N, Ooi A, Fujii H. Frequencies of HER-2/neu expression
and gene amplification in patients with oesophageal squa-
mous cell carcinoma. Br | Cancer 2005; 92: 1253-1260 [PMID:
15785739 DOI: 10.1038/ sj.bjc.6602499]

Dreilich M, Wanders A, Brattstrom D, Bergstrom S, Hesse-
lius P, Wagenius G, Bergqvist M. HER-2 overexpression (3+)
in patients with squamous cell esophageal carcinoma cor-
relates with poorer survival. Dis Esophagus 2006; 19: 224-231
[PMID: 16866851 DOI: 10.1111/}.1442-2050.2006.00570.x]
Schoppmann SF, Jesch B, Friedrich J, Wrba F, Schultheis A,
Pluschnig U, Maresch ], Zacherl ], Hejna M, Birner P. Ex-
pression of Her-2 in carcinomas of the esophagus. Am | Surg
Pathol 2010; 34: 1868-1873 [PMID: 21107094 DOI: 10.1097/
PAS.0b013e3181f8bel7]

Kawaguchi Y, Kono K, Mizukami Y, Mimura K, Fujii H.
Mechanisms of escape from trastuzumab-mediated ADCC in
esophageal squamous cell carcinoma: relation to susceptibil-
ity to perforin-granzyme. Anticancer Res 2009; 29: 2137-2146

May 15,2013 | Volume 5 | Issue5 |



24

25

26

27

28

29

30

31

32

33

34

35

36

Digklia A et a/. Targeted treatments for metastatic ESCC

[PMID: 19528474]

Sato S, Kajiyama Y, Sugano M, Iwanuma Y, Sonoue H, Mat-
sumoto T, Sasai K, Tsurumaru M. Monoclonal antibody to
HER-2/neu receptor enhances radiosensitivity of esophageal
cancer cell lines expressing HER-2/neu oncoprotein. Int | Ra-
diat Oncol Biol Phys 2005; 61: 203-211 [PMID: 15629613 DOI:
10.1016/j.ijrobp.2004.05.017]

Kawaguchi Y, Kono K, Mimura K, Mitsui F, Sugai H, Akaike
H, Fujii H. Targeting EGFR and HER-2 with cetuximab-
and trastuzumab-mediated immunotherapy in oesophageal
squamous cell carcinoma. Br | Cancer 2007; 97: 494-501 [PMID:
17622245]

Mimura K, Kono K, Hanawa M, Kanzaki M, Nakao A, Ooi A,
Fujii H. Trastuzumab-mediated antibody-dependent cellular
cytotoxicity against esophageal squamous cell carcinoma.
Clin Cancer Res 2005; 11: 4898-4904 [PMID: 16000588 DOI:
10.1158/1078-0432.CCR-04-2476]

Carson WE, Roda ], Parihar R, Lamb T, Shapiro C, Bekaii-
Saab T. Phase I trial of interleukin-12 with trastuzumab and
paclitaxel in HER2-overexpressing malignancies. | Clin Oncol
2005; 23: abstr 2531

Yap TA, Vidal L, Adam J, Stephens P, Spicer ], Shaw H, Ang ],
Temple G, Bell S, Shahidi M, Uttenreuther-Fischer M, Stop-
fer P, Futreal A, Calvert H, de Bono JS, Plummer R. Phase
I trial of the irreversible EGFR and HER2 kinase inhibitor
BIBW 2992 in patients with advanced solid tumors. | Clin
Oncol 2010; 28: 3965-3972 [PMID: 20679611 DOI: 10.1200/
JCO.2009.26.7278]

Eichmann A, Simons M. VEGF signaling inside vascular
endothelial cells and beyond. Curr Opin Cell Biol 2012; 24:
188-193 [PMID: 22366328 DOI: 10.1016/j.ceb.2012.02.002]
Kleespies A, Bruns CJ, Jauch KW. Clinical significance of
VEGF-A, -C and -D expression in esophageal malignan-
cies. Onkologie 2005; 28: 281-288 [PMID: 15867486 DOI:
10.1159/000085198]

Kleespies A, Guba M, Jauch KW, Bruns CJ. Vascular endo-
thelial growth factor in esophageal cancer. | Surg Oncol 2004;
87: 95-104 [PMID: 15282704 DOI: 10.1002/js0.20070]

Mbbius C, Freire ], Becker I, Feith M, Briicher BL, Hennig
M, Siewert JR, Stein H]. VEGF-C expression in squamous
cell carcinoma and adenocarcinoma of the esophagus. World
J Surg 2007; 31: 1768-1772; discussion 1773-1774 [PMID:
17354029 DOI: 10.1007 /s00268-006-0373-1]

Uchida S, Shimada Y, Watanabe G, Tanaka H, Shibagaki I,
Miyahara T, Ishigami S, Imamura M. In oesophageal squa-
mous cell carcinoma vascular endothelial growth factor is
associated with p53 mutation, advanced stage and poor
prognosis. Br | Cancer 1998; 77: 1704-1709 [PMID: 9635853
DOI: 10.1038/bjc.1998.281]

Ohtsu A, Shah MA, Van Cutsem E, Rha SY, Sawaki A, Park
SR, Lim HY, Yamada Y, Wu ], Langer B, Starnawski M,
Kang YK. Bevacizumab in combination with chemotherapy
as first-line therapy in advanced gastric cancer: a random-
ized, double-blind, placebo-controlled phase IlII study. | Clin
Oncol 2011; 29: 3968-3976 [PMID: 21844504 DOI: 10.1200/
JCO.2011.36.2236]

Hainsworth JD, Fang L, Huang JE, Karlin D, Russell K,
Faoro L, Azzoli C. BRIDGE: an open-label phase II trial
evaluating the safety of bevacizumab + carboplatin/pacli-
taxel as first-line treatment for patients with advanced, pre-
viously untreated, squamous non-small cell lung cancer. |
Thorac Oncol 2011; 6: 109-114 [PMID: 21107290 DOI: 10.1097/
JTO.0b013e3181f94ad4]

Burris HA, Dowlati A, Moss RA, Infante JR, Jones SF, Spigel
DR, Levinson KT, Lindquist D, Gainer SD, Dar MM, Suttle
AB, Ball HA, Tan AR. Phase I study of pazopanib in combi-
nation with paclitaxel and carboplatin given every 21 days in
patients with advanced solid tumors. Mol Cancer Ther 2012;
11: 1820-1828 [PMID: 22679111 DOI: 10.1158/1535-7163.

(4 9

TR
JBaishideng®

WJGO | www.wjgnet.com

94

37

38

39

40

41

42

43

44

45

46

47

48

MCT-11-0997]

Bhinder AS, Rose JS, Li X, Tahiri S, Clark D, Sammet S, Foy K,
Rawale S, Kaumaya P, Bekaii-Saab T. A mechanistic radio-
graphic and biologic phase II single-agent study of sunitinib
in relapsed/refractory esophageal (E) and gastroesophageal
(GE) cancers. ] Clin Oncol 2010; 28: abstr 14650

Schmitt JM, Sommers SR, Fisher W, Ansari R, Robin E,
Koneru K, McClean J, Liu Z, Tong Y, Hanna N. Sunitinib
plus paclitaxel in patients with advanced esophageal can-
cer: a phase II study from the Hoosier Oncology Group. |
Thorac Oncol 2012; 7: 760-763 [PMID: 22425927 DOI: 10.1097/
JTO.0b013e31824abc7c]

Ilson D, Janjigian YY, Shah MA, Kelsen DP, Tang LH,
Campbell J, Fuqua L, Capanu M. Phase II trial of sorafenib in
esophageal (E) and gastroesophageal junction (GE]) cancer:
Response and protracted stable disease observed in adeno-
carcinoma. | Clin Oncol 2011; 29: abstr 4100

Motzer RJ, Escudier B, Oudard S, Hutson TE, Porta C, Bra-
carda S, Griinwald V, Thompson JA, Figlin RA, Hollaender
N, Urbanowitz G, Berg W], Kay A, Lebwohl D, Ravaud A.
Efficacy of everolimus in advanced renal cell carcinoma: a
double-blind, randomised, placebo-controlled phase III trial.
Lancet 2008; 372: 449-456 [PMID: 18653228 DOI: 10.1016/
50140-6736(08)61039-9]

Yao JC, Shah MH, Ito T, Bohas CL, Wolin EM, Van Cutsem E,
Hobday TJ, Okusaka T, Capdevila ], de Vries EG, Tomassetti
P, Pavel ME, Hoosen S, Haas T, Lincy ], Lebwohl D, C)berg
K. Everolimus for advanced pancreatic neuroendocrine tu-
mors. N Engl | Med 2011; 364: 514-523 [PMID: 21306238 DOI:
10.1056/ NEJMo0a1009290]

Baselga J, Campone M, Piccart M, Burris HA, Rugo HS,
Sahmoud T, Noguchi S, Gnant M, Pritchard KI, Lebrun F,
Beck JT, Ito Y, Yardley D, Deleu I, Perez A, Bachelot T, Vit-
tori L, Xu Z, Mukhopadhyay P, Lebwohl D, Hortobagyi GN.
Everolimus in postmenopausal hormone-receptor-positive
advanced breast cancer. N Engl | Med 2012; 366: 520-529
[PMID: 22149876 DOI: 10.1056/ NEJMoa1109653]

Boone J, Ten Kate FJ, Offerhaus GJ, van Diest PJ, Rinkes IH,
van Hillegersberg R. mTOR in squamous cell carcinoma of
the oesophagus: a potential target for molecular therapy? |
Clin Pathol 2008; 61: 909-913 [PMID: 18474542 DOI: 10.1136/
jcp.2008.055772]

Hirashima K, Baba Y, Watanabe M, Karashima RI, Sato N,
Imamura Y, Nagai Y, Hayashi N, Iyama KI, Baba H. Aber-
rant activation of the mTOR pathway and anti-tumour effect
of everolimus on oesophageal squamous cell carcinoma. Br
J Cancer 2012; 106: 876-882 [PMID: 22333597 DOLI: 10.1038/
bjc.2012.36]

Hirashima K, Baba Y, Watanabe M, Karashima R, Sato N,
Imamura Y, Hiyoshi Y, Nagai Y, Hayashi N, Iyama K, Baba
H. Phosphorylated mTOR expression is associated with poor
prognosis for patients with esophageal squamous cell carci-
noma. Ann Surg Oncol 2010; 17: 2486-2493 [PMID: 20339946
DOI: 10.1245/s10434-010-1040-1]

Okamoto I, Doi T, Ohtsu A, Miyazaki M, Tsuya A, Kurei K,
Kobayashi K, Nakagawa K. Phase I clinical and pharmaco-
kinetic study of RADOO1 (everolimus) administered daily
to Japanese patients with advanced solid tumors. Jpn | Clin
Oncol 2010; 40: 17-23 [PMID: 19783551 DOI: 10.1093/jjco/
hyp120]

Bruel A, Logé C, Tauzia ML, Ravache M, Le Guevel R, Guil-
louzo C, Lohier JF, Oliveira Santos JS, Lozach O, Meijer L,
Ruchaud S, Bénédetti H, Robert JM. Synthesis and biologi-
cal evaluation of new 5-benzylated 4-oxo0-3,4-dihydro-5H-
pyridazino[4,5-b]indoles as PI3Ka inhibitors. Eur | Med
Chem 2012; 57: 225-233 [PMID: 23063566 DOI: 10.1016/
j.ejmech.2012.09.001]

Engelman JA. Targeting PI3K signalling in cancer: oppor-
tunities, challenges and limitations. Nat Rev Cancer 2009; 9:

May 15,2013 | Volume 5 | Issue5 |



49

50

51

52

53

54

55

56

57

58

59

60

61

62

550-562 [PMID: 19629070 DOI: 10.1038 /nrc2664]

Wei L, Xu Z. Cross-signaling among phosphinositide-3 ki-
nase, mitogen-activated protein kinase and sonic hedgehog
pathways exists in esophageal cancer. Int | Cancer 2011; 129:
275-284 [PMID: 20839260 DOI: 10.1002/ijc.25673]

Ma X, Sheng T, Zhang Y, Zhang X, He ], Huang S, Chen
K, Sultz J, Adegboyega PA, Zhang H, Xie J. Hedgehog
signaling is activated in subsets of esophageal cancers. Int
J Cancer 2006; 118: 139-148 [PMID: 16003737 DOI: 10.1002/
ijc.21295]

Yang L, Wang LS, Chen XL, Gatalica Z, Qiu S, Liu Z, Stoner
G, Zhang H, Weiss H, Xie J. Hedgehog signaling activation
in the development of squamous cell carcinoma and adeno-
carcinoma of esophagus. Int | Biochem Mol Biol 2012; 3: 46-57
[PMID: 22509480]

Dlugosz A, Agrawal S, Kirkpatrick P. Vismodegib. Nat
Rev Drug Discov 2012; 11: 437-438 [PMID: 22653209 DOI:
10.1038/nrd3753]

Wang Y, Ding Q, Yen CJ, Xia W, Izzo ]G, Lang JY, Li CW,
Hsu JL, Miller SA, Wang X, Lee DF, Hsu JM, Huo L, Labaff
AM, Liu D, Huang TH, Lai CC, Tsai FJ, Chang WC, Chen
CH, Wu TT, Buttar NS, Wang KK, Wu Y, Wang H, Ajani
J, Hung MC. The crosstalk of mTOR/S6K1 and Hedgehog
pathways. Cancer Cell 2012; 21: 374-387 [PMID: 22439934
DOI: 10.1016/j.ccr.2011.12.028]

Cohen DJ, Liebes L, Xu R, Takebe N, Sparano JA. A ran-
domized, double-blind placebo-controlled phase II study
of FOLFOX with or without GDC-0449 (vismodegib) in pa-
tients with advanced gastric and gastroesophageal junction
carcinoma (NCI 8376). | Clin Oncol 2011; 29: abstr TPS173
Gohji K, Nomi M, Niitani Y, Kitazawa S, Fujii A, Katsuoka Y,
Nakajima M. Independent prognostic value of serum hepa-
tocyte growth factor in bladder cancer. | Clin Oncol 2000; 18:
2963-2971 [PMID: 10944129]

Naughton M, Picus J, Zhu X, Catalona W], Vollmer RT,
Humphrey PA. Scatter factor- hepatocyte growth factor
elevation in the serum of patients with prostate cancer. |
Urol 2001; 165: 1325-1328 [PMID: 11257710 DOI: 10.1016/
50022-5347(01)69893-8]

Ren Y, Cao B, Law S, Xie Y, Lee PY, Cheung L, Chen Y,
Huang X, Chan HM, Zhao P, Luk J, Vande Woude G,
Wong J. Hepatocyte growth factor promotes cancer cell
migration and angiogenic factors expression: a prognostic
marker of human esophageal squamous cell carcinomas.
Clin Cancer Res 2005; 11: 6190-6197 [PMID: 16144920 DOI:
10.1158/1078-0432.CCR-04-2553]

Koutcher JA, Motwani M, Zakian KL, Li XK, Matei C, Dyke
JP, Ballon D, Yoo HH, Schwartz GK. The in vivo effect of
bryostatin-1 on paclitaxel-induced tumor growth, mitotic en-
try, and blood flow. Clin Cancer Res 2000; 6: 1498-1507 [PMID:
10778982]

Ku GY, Ilson DH, Schwartz LH, Capanu M, O’'Reilly E, Shah
MA, Kelsen DP, Schwartz GK. Phase II trial of sequential
paclitaxel and 1 h infusion of bryostatin-1 in patients with
advanced esophageal cancer. Cancer Chemother Pharmacol
2008; 62: 875-880 [PMID: 18270704 DOI: 10.1007/s00280-008-
0677-y]

Wender PA, Horan JC, Verma VA. Total synthesis and ini-
tial biological evaluation of new B-ring-modified bryostatin
analogs. Org Lett 2006; 8: 5299-5302 [PMID: 17078702 DOI:
10.1021/010620904]

Lioni M, Noma K, Snyder A, Klein-Szanto A, Diehl JA, Rust-
gi AK, Herlyn M, Smalley KS. Bortezomib induces apoptosis
in esophageal squamous cell carcinoma cells through activa-
tion of the p38 mitogen-activated protein kinase pathway.
Mol Cancer Ther 2008; 7: 2866-2875 [PMID: 18790767 DOI:
10.1158/1535-7163. MCT-08-0391]

Seki N, Toh U, Sayers TJ, Fujii T, Miyagi M, Akagi Y, Ku-
sukawa J, Kage M, Shirouzu K, Yamana H. Bortezomib

(49

TR
JBaishideng®

WJGO | www.wjgnet.com

Digklia A et al. Targeted treatments for metastatic ESCC

63

64

65

66

67

68

69

71

72

73

74

75

76

sensitizes human esophageal squamous cell carcinoma
cells to TRAIL-mediated apoptosis via activation of both
extrinsic and intrinsic apoptosis pathways. Mol Cancer Ther
2010; 9: 1842-1851 [PMID: 20515944 DOI: 10.1158/1535-7163.
MCT-09-0918]

Fostier K, De Becker A, Schots R. Carfilzomib: a novel treat-
ment in relapsed and refractory multiple myeloma. Oncotar-
gets Ther 2012; 5: 237-244 [PMID: 23055749]

Zhang L, Wu YD, Li P, Tu ], Niu YL, Xu CM, Zhang ST. Ef-
fects of cyclooxygenase-2 on human esophageal squamous
cell carcinoma. World | Gastroenterol 2011; 17: 4572-4580
[PMID: 22147962 DOI: 10.3748 / wjg.v17.i41.4572]

Li L, Zhao J, Wu Z, Wang G, Chen G. Meta-analysis: clinico-
pathological and prognostic significance of cyclooxygenase-2
expression on oesophageal squamous cell carcinoma. Ali-
ment Pharmacol Ther 2009; 30: 589-596 [PMID: 19549265 DOI:
10.1111/}.1365-2036.2009.04069.x]

Liu JF, Jamieson G, Wu TC, Zhang SW, Wang QZ, Drew P.
Cyclooxygenase-2 expression in squamous cell carcinoma
of the esophagus. Dis Esophagus 2006; 19: 350-354 [PMID:
16984531 DOI: 10.1111/j.1442-2050.2006.00594.x]

Kase S, Osaki M, Honjo S, Adachi H, Tsujitani S, Kaibara
N, Ito H. Expression of cyclo-oxygenase-2 is correlated with
high intratumoral microvessel density and low apoptotic
index in human esophageal squamous cell carcinomas. Vir-
chows Arch 2003; 442: 129-135 [PMID: 12596063]

Kuo KT, Wang HW, Chou TY, Hsu WH, Hsu HS, Lin CH,
Wang LS. Prognostic role of PGE2 receptor EP2 in esopha-
geal squamous cell carcinoma. Ann Surg Oncol 2009; 16:
352-360 [PMID: 19050969 DOI: 10.1245/510434-008-0242-2]
Dawson SJ, Michael M, Biagi ], Foo KF, Jefford M, Ngan
SY, Leong T, Hui A, Milner AD, Thomas R], Zalcberg JR. A
phase I/1I trial of celecoxib with chemotherapy and radio-
therapy in the treatment of patients with locally advanced
oesophageal cancer. Invest New Drugs 2007; 25: 123-129
[PMID: 17053988 DOI: 10.1007/s10637-006-9016-5]

Yu L, Chen M, Li Z, Wen ], Fu ], Guo D, Jiang Y, Wu S, Cho
CH, Liu S. Celecoxib antagonizes the cytotoxicity of cisplatin in
human esophageal squamous cell carcinoma cells by reducing
intracellular cisplatin accumulation. Mol Pharmacol 2011; 79:
608-617 [PMID: 21177414 DOI: 10.1124/mol.110.069393]
Chen C, Zhao M, Yin N, He B, Wang B, Yuan Y, Yu F, Hu J,
Yin B, Lu Q. Abnormal histone acetylation and methylation
levels in esophageal squamous cell carcinomas. Cancer Invest
2011; 29: 548-556 [PMID: 21843048 DOI: 10.3109/07357907.20
11.597810]

Zhang B, Wang Y, Pang X. Enhanced radiosensitivity
of EC109 cells by inhibition of HDAC1 expression. Med
Oncol 2012; 29: 340-348 [PMID: 20464640 DOI: 10.1007/
s12032-010-9559-3]

Taylor MD, Liu Y, Nagji AS, Theodosakis N, Jones DR.
Combined proteasome and histone deacetylase inhibition
attenuates epithelial-mesenchymal transition through E-cad-
herin in esophageal cancer cells. | Thorac Cardiovasc Surg
2010; 139: 1224-132, 1232.e1 [PMID: 20412959 DOI: 10.1016/
jjtcvs.2010.01.039]

Stoner GD, Chen T, Kresty LA, Aziz RM, Reinemann T,
Nines R. Protection against esophageal cancer in rodents
with lyophilized berries: potential mechanisms. Nutr
Cancer 2006; 54: 33-46 [PMID: 16800771 DOI: 10.1207/
s15327914nc5401_5]

Chen T, Yan F, Qian J, Guo M, Zhang H, Tang X, Chen F,
Stoner GD, Wang X. Randomized phase II trial of lyophilized
strawberries in patients with dysplastic precancerous lesions
of the esophagus. Cancer Prev Res (Phila) 2012; 5: 41-50 [PMID:
22135048 DOI: 10.1158/1940-6207.CAPR-11-0469]

Qiu LX, Mao C, Zhang J, Zhu XD, Liao RY, Xue K, Li J, Chen
Q. Predictive and prognostic value of KRAS mutations in
metastatic colorectal cancer patients treated with cetuximab:

May 15,2013 | Volume 5 | Issue5 |



77

Digklia A et a/. Targeted treatments for metastatic ESCC

a meta-analysis of 22 studies. Eur ] Cancer 2010; 46: 2781-2787
[PMID: 20580219 DOI: 10.1016/j.ejca.2010.05.022]

Valent P, Bonnet D, De Maria R, Lapidot T, Copland M,
Melo JV, Chomienne C, Ishikawa F, Schuringa JJ, Stassi G,
Huntly B, Herrmann H, Soulier ], Roesch A, Schuurhuis GJ,
Wohrer S, Arock M, Zuber ], Cerny-Reiterer S, Johnsen HE,

(49

TR
JBaishideng®

WJGO | www.wjgnet.com

96

78

Andreeff M, Eaves C. Cancer stem cell definitions and ter-
minology: the devil is in the details. Nat Rev Cancer 2012; 12:
767-775 [PMID: 23051844 DOI: 10.1038 /nrc3368]

Kalluri R, Weinberg RA. The basics of epithelial-mesen-
chymal transition. | Clin Invest 2009; 119: 1420-1428 [PMID:
19487818 DOLI: 10.1172/JCI39104]

P- Reviewer Deans C S- Editor Huang XZ L- Editor A
E- Editor Yan]JL

May 15,2013 | Volume 5 | Issue5 |



J¢0

World Journal of
Gastrointestinal Oncology

Online Submissions: http:/ /www.wjgnet.com/esps/
wjgo@wijgnet.com
doi:10.4251/wjgo.v5.i5.97

World | Gastrointest Oncol 2013 May 15; 5(5): 97-101
ISSN 1948-5204 (online)
© 2013 Baishideng. All rights reserved.

MINIREVIEWS

RAS signaling pathways, mutations and their role in

colorectal cancer

Kypros Zenonos, Katy Kyprianou

Kypros Zenonos, Katy Kyprianou, College of Medical and
Dental Sciences, University of Birmingham, Edgbaston B15 2TT,
United Kingdom

Author contributions: Both authors contributed equally in re-
searching the subject; Zenonos K wrote the report and Kyprianou
K edited it.

Correspondence to: Dr. Kypros Zenonos, College of Medi-
cal and Dental Sciences, University of Birmingham, Flat 2, 250
High Street, Birmingham B17 9PT,

United Kingdom. kxz908@bham.ac.uk

Telephone: +44-776-6737215 Fax: +44-776-6737215
Received: February 16,2013 Revised: March 26, 2013
Accepted: April 10,2013

Published online: May 15, 2013

Abstract

Two of the main cellular pathways in which the RAS
protein operates are the mitogen-activated protein
kinases (MAPK) and phosphoinositide-3 kinase (PI3K)
pathways. In a normal cell, these are important in con-
trolling several functions, such as cell growth and sur-
vival. It becomes self-evident that these events will be
disrupted in a malignant cell with a deregulated MAPK
or PI3K pathway. Mutations in genes involved in these
pathways and interacting with RAS, as well as RAS it-
self will be discussed. The second part of this review
concentrates on how crucial RAS signaling is in colorec-
tal cancer progression, with references to treatment
response and prognosis when RAS or other related mu-
tations are present.

© 2013 Baishideng. All rights reserved.

Key words: Genes; RAS; Colorectal neoplasms; Thera-
peutics; Mitogen-activated protein kinase signaling
system

Core tip: This review outlines clearly the normal func-
tion of the mitogen-activated protein kinases and phos-
phoinositide-3 kinase cascades, in which the RAS proto-
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oncogene operates physiologically. It also describes
the mutations in these pathways that lead to colorectal
cancer (CRC), as well as other mutations outside these
cascades affecting RAS function and also leading to
CRC. The prognostic value of each mutation is assessed
and linked to response rates to available biological
treatments. Monoclonal antibodies under development
are also briefly discussed.

Zenonos K, Kyprianou K. RAS signaling pathways, muta-
tions and their role in colorectal cancer. World J Gastrointest
Oncol 2013; 5(5): 97-101 Available from: URL: http://www.
wjgnet.com/1948-5204/full/v5/i5/97.htm DOI: http://dx.doi.
org/10.4251/wjgo.v5.15.97

MITOGEN-ACTIVATED PROTEIN KINASES
SIGNALING CASCADE

Two of the main cellular pathways in which the RAS
protein operates are the mitogen-activated protein kinases
(MAPK) and phosphoinositide-3 kinase (PI3K) pathways.
In a normal cell, these are important in controlling several
functions, such as cell growth and survival”. The first step
towards activating this pathway occurs when a ligand binds
to a receptor tyrosine kinase (RTK). For example, a well
known ligand is epidermal growth factor (EGF), whose
receptor is EGFR. Before being able to bind EGFR, EGF
must first be released from the cell surface membrane
whete it tesides. This is achieved by means of the TACE/
ADAM-17 enzyme, which is particulatly capable of cleav-
ing transforming growth factor-a and amphiregulin, two
of the ligands belonging to the EGF farnjlyp].

Following ligand binding, the receptor becomes
dimerised and phosphorylated™. Next, a complex of
proteins is established within the cell, with growth factor
receptor-bound protein 2 (GRB2) becoming attached
to the receptor, whilst being bound by son of sevenless
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(SOS). Then the SOS protein, whilst still attached to
GRB2, binds RAS as well. It should be noted here that
there are several subtypes of the RAS protein, such as
HRAS, NRAS and KRAS, but the most important one
with regards to colorectal carcinogenesis is the latter, fol-
lowed by NRAS!".

After the attachment of SOS to RAS, SOS shows
guanine nucleotide exchange factor activity. This means
that SOS is capable of displacing guanosine diphosphate
(GDP) molecules from RAS and thus allowing guanosine
triphosphate (GTP) molecules to bind and activate it.
Active GTP-RAS is able to recruit the RAF proteins (A-
RAE, B-RAF and C-RAF) to the cell surface. The RAF
proteins are normally bound to, and therefore inhibited by,
the 14-3-3 proteins in the cytosol. However, after binding to
GTP-RAS, the RAF proteins are released from the 14-3-3
proteins and are therefore activated; they pair up amongst
them and form heterodimers, which are then capable of
binding and activating the KSR1 enzyme'".

The KSR1 enzyme is a relay hub connecting RAF
heterodimers with the MEK protein. Hence, RAF pro-
teins are able to phosphorylate and activate MEK, which
in turn phosphorylates and activates ERK. ERK then
enters the cell nucleus to activate a range of transcription
factors, such as Jun and Fos'"; these bind to the AP-1
DNA domain of the nucleus and transcribe genes in-
volved in cell proliferation®.

The above process is entirely normal in a healthy cell,
and is terminated by means of RAS-GTPase activating
(GAP) proteins. As their name suggests, these proteins
activate GTPase enzymes found within RAS, which hy-
drolyse GTP to GDP and therefore switch RAS off''!

MUTATIONS RELATIVE TO THE MAPK
PATHWAY

RAS mutations

One of the most frequent ways in which the MAPK
is set to overdrive is by a mutation in the RAS protein;
mutations in the KRAS protein are found in about 40%
of all colorectal cancer (CRC) cases, whereas NRAS
mutations are less common, having a frequency of 5%.
Both in KRAS and NRAS, the most typical mutations are
found at codons 12, most of the times, 13 and 61 (the
latter being rarely affected). These mutations are some-
times present in early adenomas and in cells with mini-
mal potential to develop a malignancy. However, they
are also thought to enhance the malignant behaviour of
cells with advanced CRC; both 7 vitro and animal studies
indicate that silencing these mutated codons leads to at-
tenuation of the tumourigenic growth properties of the
affected cells'”.

In molecular terms, mutations in these three KRAS/
NRAS codons may lead to conformational changes so
that the RAS-GAP protein cannot activate the inherent
GTPase enzyme anymore. As a result, the GTP molecules
are not hydrolysed and instead they maintain RAS con-
tinuously in its active state, thus causing protumorigenic
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effects by amplifying signaling in the MAPK pathwaym.

BRAF mutations

BRAF can also be mutated in the MAPK pathway, and
this appears to happen in about 5%-10% of all colon
cancer cases'’. The commonest BRAF mutation amongst
all cancers, including colorectal, is the V600E mutation.
This occurs when adenine replaces thymine at nucleotide
1799. Consequently, glutamic acid (E) substitutes valine
(V) at codon 600, hence the name of the mutation®”.

Two basic models were proposed to explain how
CRC:s arise, and BRAF mutations occur in both of them.
The first model proposed by Fearon and Vogelstein in
1990 suggested that CRC is a result of multiple adeno-
matous lesions progressing to carcinomas, following
several somatic and inherited gene alterations'"”. Appat-
ently, this is what happens in the majority of the cases'"'\.
In this model, the mutation of adenomatous polyposis
coli (APC) leading to initial formation of the polyps is of
paramount importamce[1 2,

The second model, true in approximately 15% of all
CRC cases'”, holds that CRC is caused by mutation of
mismatch repair (MMRK) genes, which normally fix er-
rors in DNA replication. Hence the mutations result in
replicative errors not being corrected and therefore mic-
rosatellites (short DNA repetitions) start accumulating or
become abnormally short, leading to microsatellite insta-
bility (MST)™™ and colorectal carcinogenesis. Inactivation
of MMR genes can be observed in the hereditary non-
polyposis CRC (HNPCC) syndrome, but it usually occurs
epigenetically; epigenetic inactivation most often involves
the hypermethylation of Mutl. homolog 1 (MLHT), one
of the MMRK genes, and falls under a category of colorec-
tal tumours called CpG island methylator phenotype
(CIMP). CIMP tumours have a specific histological ap-
pearance, termed sessile serrated adenomas (SSAs). BRAF
mutations are very frequent in SSAs, but not so frequent
in HNPCC. Overall, they are mostly found amongst spo-
radic, high in MSI (MSI-H) colorectal tumours',

In any case, a BRAF mutation will lead to increased
kinase activity and therefore increased downstream sig-
naling in the MAPK cascade!”.

EGFR and other RTK mutations

EGFR (HER-7) gene amplifications or point mutations
may cause an up-regulation of the receptor, thus increas-
ing the probability of its activation by EGF binding and
thus increasing signaling, However, such events are quite
uncommon and appear in less than 5% of CRCs". The
human epidermal growth factor receptor 2 (HER-2)/neu
receptor can also be overexpressed; though the evidence
is inconsistent and ranges are anywhere between 0% and
83%, it is unlikely that this is a major determinant of
colorectal tumorigenesism.

PI3K SIGNALING CASCADE

The other main pathway in which RAS is involved is the
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PI3K pathway. This is a very complex pathway, there-
fore only some of its key elements will be mentioned
here. Just like in the case of the MAPK pathway, various
growth factors initially bind on receptor tyrosine kinases,
leading to their dimerisation and autophosphorylation.
The next stage involves PI3Ks. There are three different
classes of PI3KSs, but the most important class in human
cancer is Ia. The regulatory subunit of this class, p85,
attaches to phosphotyrosine tesidues and/or other adap-
tors found on the RTKs. As a result, p110, the catalytic
subunit of the PI3KSs is disinhibited and phosphorylates
PIP2 to PIP3". RAS can also activate the pathway physi-
ologically by directly binding pllOm. Conversely, the tu-
mour suppressor protein PTEN dephosphorylates PIP3
back to PIP2, thus terminating signalingm.

Once PIP3 is formed, it recruits PDK1 and AKT
kinases and brings them in close proximity. PDK1 phos-
phorylates AKT. Consequently, AKT becomes activated
and generates several signals, the details of which are
probably unrelated to this topic. These signals essentially

contribute to cellular growth and evasion of apoptosism.

MUTATIONS RELATIVE TO THE PI3K
PATHWAY

PIK3CA mutation

PIK3CA is the gene encoding for P110«. Mutation of
RAS often coexists with mutations at exons 9 and 20 of
PIK3CA"". Tt has been hypothesised that, when RAS is
mutated, it can no longer bind the physiological form
of P110a efficiently. This necessitates the mutation of
PIK3CA, which apparently will encode for a truncated
version of P110a, on which the mutant RAS will be able
to bind effectively. The estimated frequency of PIK3CA
mutations in CRC is 15%-25%, and these may lead to in-
creased PI3K activity'”.

Phosphatase and tensin homolog mutation

Nonsense mutations and deletions in the phosphatase
and tensin homolog (PTEN) gene makes the PTEN pro-
tein unable to convert PIP3 to PIP2, thus it can no lon-
ger act as an antagonist to PI3K signaling. This mutation
is cardinal to the manifestation of Cowden syndrome, as
it appears in 85% of all its cases. Cowden syndrome is an
autosomal dominant disorder that predisposes to mul-
tiple cancers, including colorectal. Overall, it is estimated

that PTEN is mutated in 10%-20% of all CRCs'".

OTHER MUTATIONS AFFECTING RAS
SIGNALING

Neurofibromin 1 mutations

The neurofibromin 1 (INF7) gene is responsible for caus-
ing the genetic disease neurofibromatosis type 1. NI/
acts as a negative regulator of RAS because it transcribes
neurofibromin, a GAP; as mentioned above, these pro-
teins hydrolyse RAS-bound GTP to GDP, therefore inac-
tivating RAS. It has been suggested that NF1 may play a

(49

TR
JBaishideng®

WJGO | www.wjgnet.com

99

Zenonos K et a/. RAS signaling pathways, mutations

role in colorectal carcinogenesis when mutated, because
it can no longer inhibit RAS signaling effectively. Indeed
some studies have found increased NF7 mutations in
malignant colorectal tissue' ™" and in concurrence with
KRAS mutations as well. Having said that, NF7 muta-
tions may also occur with wild type KRAS. In addition,
one study found that the majority of NI/ mutations
were actually concurrent with BRAF mutations, especially
in MSI-H tumours'?. Paradoxically, a more recent iz vitro
study observed that the mitogen-activated protein kinase
(MAPK) pathway signaling was upregulated in malig-
nant colorectal cells with wild type BRAF and a knocked
out NF7 gene[zm. Therefore, the role of NF1 in human
colorectal carcinogenesis remains largely controversial.
The inverse relationship between CRC and neurofi-
bromatosis type 1 is also evident; rarely, children with ho-
mozygous deficiency of the MILH7 gene, which leads to

[21]

HNPCC, exhibit features of neurofibromatosis type 1.

RASSF mutations

The RASSF is a family of ten genes (RASSF7-70), mem-
bers of which seem to act as tumour suppressors. An
emerging body of evidence indicates that they can stimu-
late growth arrest and proapoptotic signals mediated by
RAS. The exact way they achieve this is still unclear; there
are suggestions that there is a domain in RAS which
RASSF can bind, and indeed this holds true to date for
RASSF1, RASSF2, RASSF4 and RASSF5. RASSF1.A
is one of the most well studied members of the fam-
ily™, and it has been said that it either binds farnesylated
KRAS directly“g’ml or it has to form a heterodimer with
RASSFS5 before is able to bind RAS"*.

Silencing of RASSF7.A4 may occur when a specific se-
quence on the gene, the CpG island promoter region [.e.,
a region rich in cytosine (C) and guanine (G) nucleobases
linked by phosphodiester (p) bonds| is methylated. This
event is regarded to be a major contributor to early CRC
development, ranging from 12% to 81% amongst dif-
ferent studies. Methylation can also affect RASSF2 and
RASSF5 in the context of CRC. Nevertheless, exactly
how they bring about malignancy is currently under in-
Vestigation[zzl.

HOW IMPORTANT RAS SIGNALING IS
FOR CRC

In order to evaluate the importance of RAS signaling, it
is reasonable to examine how RAS and associated muta-
tions behave in the clinical setting; whether they respond
to current treatments, and how good the prognosis is
when such mutations are evident.

Issues with KRAS

Screening for KRAS mutation is the only widely used and
accepted prognostic tool to decide eligibility for mono-
clonal antibody therapy®*". This is largely because, the
only molecular treatment currently licensed to be used
in clinical practice is anti-EGFR therapy[%]. Hence, the
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identification of a KRAS mutation is used as a means of
exclusion from anti-EGFR therapy. The rationale for this
is that since the MAPK pathway signaling is upregulated
by a constitutively active KRAS protein, it is worthless to
try and block the EGFR since MAPK signaling is no lon-
ger dependent on the activation of the receptor[zﬂ.

However, the above notion, though probably true
most of the times, is not universally accepted. Although
mutant KRAS, especially the G12V mutation, is often
associated with poor response to anti-EGFR agentsm,
some studies have not found the same results. Several
clinical studies observed that patients with a p.G13D (co-
don 13) mutation in KRAS actually responded to treat-
ment with cetuximab, as they had increased progression-
free and overall survival compared to those on best
supportive care or chemotherapy alone. This is a conclu-
sion not to be ignored, because p.G13D positive patients
are often refused administration of cetuximab (based on
the rationale described above), albeit they could poten-
tially benefit from it. Hence, further prospective clinical
trials should be performed to confirm these data, since
the value of the KRAS p.G13D mutation as a negative
predictive biomarker is still contradictory”’.

In addition, regarding metastatic CRC, there is also a
question of whether the primary or the metastatic lesion
should be analysed for genetic mutations. Some research-
ers postulate that there is no difference between the two,
whereas others report significant variations. It is also
argued that the genetic profile of the metastatic lesion is
what matters most, because it is the metastasis that causes
the bulk of the morbidity and mortality related to the
disease. These hypotheses may again have ethical implica-
tions. In a hypothetical scenario, a patient has a genetic
variation between his primary and metastatic lesions; the
majority of his metastatic cells carry the wild type KRAS
gene, but the primary lesion has mutant alleles. Based on
the latter, he is wrongfully denied potentially beneficial
anti-EGFR therapy, if indeed the metastasis is what’s
causing the major problernm.

Finally, there is uncertainty regarding how many and
which KRAS codons should be screened, as well as issues

with cost-effectiveness”™

Clinical status of other mutations

There are a great number of cases with wild type KRAS
tumours which fail to respond to anti-EGFR therapy.
This of course might happen because there are other
mutations disrupting the MAPK pathway. These may
include mutations in other regions of the KRAS gene
which are not commonly tested. Indeed, the majority of
clinical trials regarding KRAS mutations in CRC involved
screening codons 12 and 13 only, whereas there are re-
ported mutations in exons 3 and 4 as well®. NRAS also
becomes mutated occasionally.

BRAF mutation is associated with very poor prog-
nosis as it does not respond to anti-EGFR therapy. In
fact, in a study performed by Di Nicolantonio ez al™ ) it
was observed that none of the patients with a V60OE
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BRAF mutation responded to either cetuximab or pani-
tumumab. BRAF mutations are also mutually exclusive
with KRAS mutations, Ze., these two do not occur to-
getherﬂs’zsfzs]. This means that if mutant KRAS is identi-
fied in a patient, there is no point of screening for BRAF
as well. It is rather more useful to screen for KRAS first,
since some particular mutations, as already discussed, may
validate the use of anti-EGFR therapy. This is not the
case for BRAF, where there is no response to monoclonal
antibodies whatsoever. Hence, as a prognostic biomarker,
BRAF can only be used to indicate complete insensitivity
to anti-EGFR agents.

Contrary to BRAF, PIK3CA and PTEN are not mu-
tually exclusive to KRAS™. Loss of function of PTEN
or mutation in PIK3CA is often associated with poorer
response to cetuximab or panitumumab, as expected.
However, there is no standard, reliable scoting system by
which PTEN loss can be detected, thus making it an un-
suitable prognostic biomarker. At the same time, the data
regarding PIK3CA mutations is not uniform, as some
studies report no overall difference in 5-year survival
for patients with PIK3CA mutation, whilst others report
positive response to cetuximab®”.

The future

Most patients responding well to current treatments are
essentially those who only have EGFR upregulation. All
the other mutations necessitate the discovery of agents
that can block RAS signaling further down the pathway.
Such a discovery will render any specific gene alteration
irrelevant. Indeed, there has been a development of a
RAF inhibitor, called PI.X4032, which showed inhibition
of RAF in melanoma, but had little success with CRC
cells™. Similarly, AZDG6244, a MEK inhibitor which re-
cently entered phase 2 trials for CRC showed no signifi-
cant advantage over chemotherapyp(ﬂ.

CONCLUSION

It has recently been said that the MAPK and PI3K cas-
cades are important to carcinogenesis and progression of
CRC™. Apart from KRAS mutations, which are the main
reason why anti-EGIR agents fail, several other genes re-
lated to RAS signaling also contribute to CRC manifesta-
tion and, some more than others, to anti-EGFR therapy
insensitivity. If nothing else, KRAS and BRAF mutations
can be used as negative biomarkers to identify patients
who will not benefit from cetuximab and panitumumab.
Nevertheless, as mentioned eatlier, we do not know ev-
erything, as there are still several controversies in the data
regarding the clinical status of some mutations, as in the
case of p.G13D KRAS, PIK3CA and others. These in-
dicate that there is a need to perform larger clinical trials
that will minimise statistical error and will find out what
exactly happens in these cases. In doing so, perhaps a
deeper insight will be gained into the molecular mecha-
nisms giving rise to CRC, thus allowing for pioneering
pharmacological agents to be successfully developed.
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